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reziume 
Tanamedrove radio da satelekomunikacio sistemebSi 
Secdomebis makontrolebeli kodebis gamoyeneba dResac rCeba 
erTerT umTavres saSualebad maTi efeqturobis gazrdisaTvis. aq, 
kosmosur da Tanamgzavrul sistemebSi, sadac energetikuli 
resursebi SezRudulia, Secdomebis makontrolebeli kodebis 
gamoyeneba niSvnelovani winapirobaa maRalefeqturi sistemebis 
asagebad. naxsenebi kodebidan gansakuTrebiT gamoirCevian xveula 
kodebi, romelTa axali qveklasis Seswavlas eZRvneba winamdebare 
sadisertacio naSromi. kerZod, gamokvleulia e.w. simbolur-
alfabeturi siWarbis mqone xveula kodebi, maT safuZvelze agebuli 
signal-koduri sistemebi kosmosur da Tanamgzavruli arxebisaTvis, 
sadac arxTa yvelaze adekvatur modelad  gausis modeli iTvleba. 
unda iTqvas, rom  simbolur-alfabeturi  siWarbis mqone xveula 
kodebi dReisaTvis praqtikulad Seuswavlelia Tan,  umeteswilad 
signalebTan erTobliobaSi da gausis arxebSi.  
sadisertacio naSromis Sesaval nawilSi xazgasmulia 
dasmuli sakiTxis aqtualoba, Camoyalibebulia gadasaWreli 
amocanebi, Sesabamisad maTi gadawyvetis  gzebi, warmodgenilia is 
ZiriTadi debulebebi, romlebic avtoris mier gamotanilia 
dasacavad. 
pirvel TavSi ganxilulia klasikuri xveula kodebi, romlis 
warmodgenisaTvis gamoyenebulia sasruli avtomatis modeli, sadac 
sainformacio da koduri mimdevrobebi warmodgebian dayovnebis 
operatorebiT. Cven, specialurad dawvrilebiT ganvixileT 
dekodirebis maqsimaluri damajereblobis principi (romelic 
realizebulia viterbis algoriTmiT), radganac igive principiT 
iqneba dekodirebuli agebuli axali kodebi, romlebic efuZnebian 
xveula kodebs alfabeturi siWarbiT. 
meore TavSi ganxilulia kodebi simbolur-alfabeturi 
siWarbiT. moyvanilia maTi aRwera da dadebiTi mxareebi. 
gadawyvetilia, rom saukeTeso kodebi unda SeirCes kompiuteruli 
Ziebis meTodiT da am dros Tavisufali manZilis gansazRvrisaTvis 
gamoyenebuli iqnas deiqstris algoriTmi. konkretuli kodisaTvis 
ganxilulia algoriTmis muSaobis procedura. gansazRvrulia, rom 
erTnairi Tavisufali manZilis mqone xveula kodebidan saukeTesos 
SerCeva ganxorcieldes misi manZilTa speqtris mixedviT. aRwerilia 
speqtris gansazRvris algoriTmi.  
mesame Tavis dasawyisSi Camoyalibebulia meTodi, romelic 
sakmarisia manZilis mimarT invariantuli kodebisa da signal 
koduri sistemebis asagebad. deiqstris algoriTmis gamoyenebiT 
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damuSavebuli programis saSualebiT ganxorcielebulia  
kompiuteruli Zebna axali,  alfabeturi siWarbis  mqone manZilis 
mimarT invariantuli,  kodebis da napovni kodebi tabulirebulia. 
naCvenebia, rom moyvanili oTxobiTi kodebi SeiZleba gamoyenebuli 
iqnan rogorc orobiT simetriuli arxebisTvis, aseve gausis 
arxebisaTvis orobiTi da oTxobiTi fazamodulirebuli 
signalebiT. agebulia samobiTi signal-koduri sistemebi 
simpleqsuri signalebis gamoyenebiT.  
naSromi Seicavs or danarTs, sadac warmodgenilia 
programuli paketebi, romelTa saSualebiT ganxorcielebulia 
saukeTeso, alfabeturi siWarbis mqone kodebis Zebna, povna da maTi 
maxasiaTeblebis angariSi.  
sadisertacio naSromSi miRebulia Semdegi mniSvnelovani Sedegebi: 
1. naCvenebia, rom alfabetur-simboluri siWarbis mqone xveula 
kodebi warmoadgenen uwyveti kodebis ufro maRal safexurs, 
vidre cnobili klasikuri xveula kodebi. 
2. moyvanilia galuas velTa im ariTmetikis nawili, romelic 
saWiroa alfabetur-simboluri siWarbis mqone xveula kodebis 
asagebad. warmodgenilia Sesabamisi cxrilebi. 
3. warmodgenilia alfabetur-simboluri siWarbis mqone xveula 
kodebis Zebnis da misi parametrebis gansazRvris algoriTmebi 
Sesabamisi programuli realizaciebiT.  
4. warmodgenilia manZilis mimarT invariantuli xveula kodebis 
agebis meTodi. 
5. napovnia maRalefeqturi axali xveula kodebi da moyvanilia 
maTi maxasiaTeblebi. 
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Abstract 
Usage of error controlling codes remains one of the main part in modern Radio 
and Telecommunication Systems for raising its efficiency. In space and satellite systems, 
where energetic resources are strictly limited, using such codes is significant prerequisite 
for designing high effective telecommunication systems. Especially convolutional codes 
are distinguished, which subclass is observed in this research. Specifically, codes with 
symbolic-alphabetic redundancy and signal-code systems depended on it, for space and 
satellite channels are observed and reviewed, where most appropriate model for channels 
is Gaussian model. Hereby should be mentioned that codes with symbolic-alphabetic 
redundancy is actually not studied for nowadays, especially in connection with signals 
and Gaussian channels. 
In the introduction part actuality of the technical issue is eliminated, task to be 
resolved are described, hence ways to solve it is observed and that main states are 
presented that author is going to prove. 
In first Chapter classic convolutional codes are described, with the finite-state  
machine model, where information and code sequence is presented with the delay 
operator. We observed maximum-likelihood decoding method in details (realized with 
Viterbi Algorithm), because with the same principle the new designed codes will be 
decoded, that is based to convolutional codes with alphabetic redundancy.  
In the second chapter codes with the symbolic-alphabetic redundancy are 
observed. Its description, with advantages and disadvantages is given. It is decided that 
best codes should be chosen with computer searching method and for defining free 
distance Dijkstra's algorithm should be used. For the specific code the procedure how 
algorithm works is shown. It is defined that from the convolutional codes that have the 
same free distance, the best choice should be provided by its distance spectrum. Also 
description of spectrum of algorithm is presented. 
In the beginning of the third chapter, the method is described, which is enough for 
designing distance-invariant codes and signal-code systems. Software is processing the 
computer searching for new distance-invariant codes with symbolic–alphabetic 
redundancy, using Dijkstra's algorithm, and that codes are tabulated. Here is shown that 
given 4-ary codes could be used as for the binary symmetric channels, also for Gaussian 
Channels with binary and quadrature phase modulated signals. Also triple signal-code 
systems are designed, that uses simplex signals. 
Dissertation Contains two appendices, where software packets are presented, that 
helps to provide searching of the best codes with alphabetic redundancy, finding and 
reporting its characteristics. 
Research gets the following important results: 
1. Alphabetic-symbolic redundancy convolutional codes represents even higher level 
of continues codes then well-known classic convolutional codes. 
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2. The arithmetic part of the Galois field is presented, that is needed for designing 
Alphabetic-symbolic redundancy convolutional codes, and the suitable tables are 
given. 
3.      Algorithm of searching the Alphabetic-symbolic redundancy convolutional codes 
and describing its parameters are presented with the appropriate software 
realization. 
4. Designing method of convolutional codes, invariant toward the distance is 
presented. 
5. High effective new convolutional codes are found and is shown its characteristics. 
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Sesavali 
naSromis aqtualuroba. Tanamedrove radio da 
satelekomunikacio sistemebi warmoadgenen globaluri qselis iseT 
Semadgenel nawils, romlebic mniSvnelovnad gansazRvraven mis 
efeqturobas. am dros ori aspeqtia ZiriTadi: energetikuli resursi 
anu gadamcemTa simZlavre da informaciis  gadacemis siCqare. aq, 
minimaqsis kriteriumis Sesrulebas  gansazRvravs signalebisa da 
kodebis optimaluri SerCeva, rasac eZRvneba winamdebare 
sadisertacio naSromi. kerZod ganxilulia axali klasis xveula 
kodebis agebis sakiTxi alfabeturi siWarbis  mqone kodebis bazaze. 
dReisaTvis am mimarTulebiT mxolod ramdenime naSromia 
gamoqveynebuli [25, 26], rac cxadia ar aris sakmarisi.  
sadisertacio naSromis ZiriTad mizania damuSavdes Sesabamisi 
meTodebi da aigos konkretuli axali kodebi da gamoTvlili iqnas 
maTi maxasiaTeblebi. am mizniT Sesrulda garkveuli samuSaoebi, 
romlebic Seicaven Semdegi amocanebis gadawyvetas:  
1. Catarda literaturis analizi mocemuli mimarTulebiT 
arsebuli Sedegebis gamovlenis mizniT. 
2. SeirCa axali xveula kodebis dekodirebis algoriTmi. 
3. SeirCa axali xveula kodebis Zebnis da misi parametrebis 
angariSis meTodebi. damuSavda Sesabamisi programuli 
uzrunvelyofa. 
4. damuSavda manZilis mimarT invariantuli sistemebis agebis 
meTodi. 
5. napovni iqna axali xveula kodebi da agebuli iqna axali 
signal-koduri sistemebi. 
kvlevis meTodebi. dasmuli amocanebis gadasawyvetad 
gamoyenebuli iqna sasruli avtomatebis Teoria, sasruli velebis 
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(galuas) Teoria, kodirebis Teoria, signalebis Teoria, 
albaTobaTa Teoria. 
     samecniero siaxle. naSromSi miRebulia Semdegi axali 
Sedegebi: 
naCvenebia, rom alfabetur-simboluri siWarbis mqone xveula 
kodebi warmoadgenen uwyveti kodebis ufro maRal safexurs, vidre 
cnobili klasikuri xveula kodebi. 
moyvanilia galuas velTa im ariTmetikis nawili, romelic 
saWiroa alfabetur-simboluri siWarbis mqone xveula kodebis 
asagebad. warmodgenilia Sesabamisi cxrilebi. 
warmodgenilia alfabetur-simboluri siWarbis mqone xveula 
kodebis Zebnis da misi parametrebis gansazRvris algoriTmebi 
Sesabamisi programuli realizaciebiT.  
warmodgenilia manZilis mimarT invariantuli xveula kodebis 
agebis meTodi. 
napovnia maRalefeqturi axali xveula kodebi da moyvanilia 
maTi maxasiaTeblebi. 
praqtikuli Rirebuleba da Sedegebis realizacia. vinaidan 
axali kodebi da signal-koduri sistemebi ar xasiaTdebian siCqaris 
maRali parametrebiT (naikvistis sazRvari), magram  aqvT  maRali 
energetikuli efeqturoba (5-6 db), Cveni rekomendacia iqneba 
gamoyenebuli iqnan isini Tanamgzavrul da gansakuTrebiT Soreuli 
kosmosuri kavSiris sistemebSi. 
       naSromis aprobacia.  naSromis ZiriTadi Sedegebi ganxiluli 
da moxsenebul iqna: 
 
1. pirvel da meore Tematur seminarebze (Tbilisi, stu, 2011-2014 
w.) 
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2. saerTaSoriso samecniero simpoziumze - IEEE 11-th  International  
Sympozium on Electronics and Telecommunications (ISETC ‘14). Timisoara, 
Romania, November 14-15, 2014.  
 
publikaciebi. disertaciis ZiriTadi Sedegebi asaxulia 
recenzirebad JurnalebSi 5 naSromis saxiT. 
 
dacvaze gamotanili ZiriTadi debulebebia: 
 
1. simbolur-alfabeturi siWarbis mqone xveula kodebi 
warmoadgenen xveula kodebis ufro maRal klass da moicaven yvela 
cnobil klasikur xveula kods. 
2.   arsebobs piroba, romelic gansazRvravs  simbolur-alfabeturi 
siWarbis mqone  xveula kodebis an maT safuZvelze agebuli signal-
koduri sistemebis invariantobas Sesabamis manZilTa mimarT.  
      sadisertacio naSromis moculoba da struqtura. naSromi 
Sedgeba Sesavalis, sami Tavis, daskvnis, gamoyenebuli literaturis 
da ori danarTisagan. 
pirvel TavSi ganxilulia klasikuri xveula kodebi, romlis 
warmodgenisaTvis gamoyenebulia sasruli avtomatis modeli, sadac 
sainformacio da koduri mimdevrobebi warmodgebian dayovnebis 
operatorebiT.  
Cven, specialurad dawvrilebiT ganvixileT dekodirebis 
maqsimaluri damajereblobis principi (romelic realizebulia 
viterbis algoriTmiT), radganac igive principiT iqneba 
dekodirebuli agebuli axali kodebi, romlebic efuZnebian xveula 
kodebs alfabeturiv siWarbiT. 
        meore TavSi  ganxilulia kodebi simbolur-alfabeturi 
siWarbiT. moyvanilia maTi aRwera da dadebiTi mxareebi. 
gadawyvetilia, rom saukeTeso kodebi unda SeirCes kompiuteruli 
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Ziebis meTodiT da am dros Tavisufali manZilis gansazRvrisaTvis 
gamoyenebuli iqnas deiqstris algoriTmi. konkretuli kodisaTvis 
ganxilulia algoriTmis muSaobis procedura. gansazRvrulia, rom 
erTnairi Tavisufali manZilis mqone xveula kodebidan saukeTesos 
SerCeva ganxorcieldes misi manZilTa speqtris mixedviT. aRwerilia 
speqtris gansazRvris algoriTmi.  
    mesame TavSi  Camoyalibebulia meTodi, romelic  sakmarisia 
manZilis mimarT invariantuli kodebisa da signal-koduri 
sistemebis asagebad. deiqstris algoriTmis gamoyenebiT  
damuSavebuli programis saSualebiT ganxorcielebulia  
kompiuteruli Zebna axali,  alfabeturi siWarbis  mqone manZilis 
mimarT invariantuli, kodebis da napovni kodebi tabulirebulia. 
naCvenebia, rom moyvanili  oTxobiTi  kodebi SeiZleba gamoyenebuli 
iqnan rogorc orobiT simetriuli arxebisTvis,  aseve gausis 
arxebisaTvis orobiTi da oTxobiTi fazamodulirebuli 
signalebiT. agebulia samobiTi signal-koduri sistemebi 
simpleqsuri signalebis gamoyenebiT.  
sadisertacio naSromis saboloo daskvnaSi  moyvanilia 
miRebuli Sedegebi da rekomendaciebi.   
naSromi Seicavs or danarTs, sadac warmodgenilia 
programuli paketebi, romelTa saSualebiT ganxorcielebulia 
saukeTeso, alfabeturi siWarbis mqone kodebis Zebna, povna da maTi 
maxasiaTeblebis angariSi.  
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Tavi I   
klasikuri xveula kodebi 
1.1 sasruli avtomatebi da xveula kodebi 
abstraqtuli sasruli avtomati aris realuri obieqtis an 
movlenis idealizirebuli maTematikuri modeli, romelsac aqvs: 
Sesasvleli, simboloTa mimdevrobebis erTobliobiT u(ti) =u
1
(ti), u
2
(ti), . 
. . ,u
k
(ti);   Sida mexsiereba sasruli mdgomareobebiT, romelic Seicavs 
simboloTa mimdevrobebis erTobliobas s(ti)=s
1
(ti), s
2
(ti), . . . ,s
m
(ti)   da 
gamosasvleli,  simboloTa mimdevrobebis erTobliobiT v(ti) = v
1
(ti), 
v
2
(ti), . . . ,v
n
(ti) [1, 2]. dros, romlis ganmavlobaSic funqcionirebs 
avtomati aris diskretuli (mas taqturi intervalebi ewodeba) da 
amasTan dakavSirebiT simboloebi avtomatis Sesasvlelze, Sida 
mexsierebaSi da gamosasvlelze warmoadgenen diskretul 
simboloebs, konkretul SemTxvevaSi ki SeiZleba iyvnen cifrulebi. 
sasruli avtomati, warmodgenili sqemis saxiT, k SesasvleliT, m 
mexsierebiTa da n gamosasvleliT moyvanilia nax. 1 a-ze, xolo misi 
ganzogadoebuli saxe moyvanilia nax. 1 b-ze. avtomati Seicavs 
kombinaciur sqemasa da m raodenobis mexsierebis wyvil ujredebs, 
romelTa marcxena nawilSi Cawerilia (Senaxulia) mimdinare droSi 
arsebuli simboloebi, xolo marjvena nawilSi drois momdevno 
intervalSi arsebuli simboloebi. mocemul SemTxvevaSi sasruli 
avtomatis mexsiereba ganxilula rogorc wyvil ujrediani Zvris 
registris elementi. Kkombinaciuri sqemis meSveobiT xorcieldeba 
Sesasvleli da mexsierebaSi arsebuli simboloebis garkveuli 
wesiT urTierTqmedeba (Sekreba, gamravleba da a.S.), ris Sedegadac 
vRebulobT gamosasvlel simboloebs. avtomatis Sesasvlelze, Sida 
mexsierebaSi da gamosasvlelze arsebuli SesaZlo simboloebi 
miekuTvnebian Semdeg Sesabamis simravleebs (alfabetebs): U1, U2, . . . , 
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U
k; S1, S2, . . . , Sm;  V1, V2, . . . , Vn;   xolo zogadad avtomatis Sesasvleli, 
Sida da gamosasvleli alfabetebi ganisazRvrebian, rogorc 
dekartes namravlebi Sesabamisi alfabetebisa: U  = U1xU2x . . . xUk;  S = 
S
1
xS
2
x . . . xS
k
;  V = V1xV2x . . . xVk. 
kombinaciuri sqema
mexsierebebi 
mimdinare 
Sida 
mdgomareobebiT
mexsierebebi 
momdevno 
Sida 
mdgomareobebiT
u1(ti)
u2(ti)
uk(ti)
v1(ti)
v2(ti)
vn(ti)
s1(ti)
s2(ti)
sm(ti)
s1(ti+1)
s2(ti+1)
sm(ti+1)
1
2
k
1
2
n
kombinaciuri sqema
mexsiereba mimdinare 
Sida mdgomareobiT
mexsiereba momdevno 
 Sida mdgomareobiT
u(ti) v(ti)
s(ti) s(ti+1)
b.
a.
 
nax. 1. sasruli avtomati (a)  da misi zogadi saxe (b). 
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 sasruli A avtomati xasiaTdeba xuTeuliT A = (U, S, V, , ), 
sadac -s uwodeben avtomatis gadasvlebis funqcias, romlis 
Sesabamisadac  s(ti+1) = (u(ti),s(ti));  es imas niSnavs, rom avtomatis Sida 
mdgomareoba ti+1 drois momentSi ganisazRvreba drois ti momentSi 
Sesasvlelze arsebuli da imave drois momentSi mexsierebaSi 
arsebuli  simboloebiT. -s uwodeben gamosasvlelebis funqcias 
da v(ti)= (u(ti),s(ti)), Sesabamisad avtomatis gamosasvlelze, ti momentSi 
arsebuli simboloebi ganisazRvreba drois imave momentSi 
avtomatis mexsierebaSi da Sesasvlelze arsebuli simboloebiT; 
aseT avtomats milis avtomats uwodeben. im SemTxvevaSi, Tu 
avtomatis gamosasvlelze arsebuli simboloebis gansazRvrisaTvis 
sakmarisia mxolod mis  mexsierebaSi  arsebuli  simboloebi e.i. 
v(ti) = (s(ti)), avtomats muris avtomati ewodeba.  
     avtomatis mdgomareobebs ewodebaT eqvivalenturi 
(ganusxvavebadi), Tu maTTvis nebismieri erTnairi Sesasvleli 
simboloebis dros gvaqvs erTnairi gamosasvleli simboloebi. 
winaaRmdeg SemTxvevaSi avtomatis mdgomareobebi gansxvavebadia. 
xuTeuli A = (U, S, V, , ), yovelgvari damatebiTi sawyisi 
pirobebis gareSe gansazRvravs arainicirebul sasrul avtomats. 
aseT avtomats ewodeba dayvanili, Tu misi Sida mdgomareobebi 
wyvil-wyvilad gansxvavebadia. 
im SemTxvevaSi, Tu ganvixilavT or avtomats, analogiur 
SemTxvevaSi gveqneba eqvivalenturi avtomatebi an gansxvavebadi 
avtomatebi. 
nebismieri avtomatisTvis SeiZleba aigos Sesabamisi 
gansxvavebadi avtomati. eqvivalenturi avtomatebidan minimaluri 
mexsierebis mqone avtomats  minimaluri formis mqone avtomati 
ewodeba. 
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zogadad avtomatis sirTules gansazRvravs kombinaciuri 
sqemis sirTule da Sida mexsierebis zoma, am dros sasurveli 
Sedegi miiRweva urTierTkompromisis xarjze.  
nax. 1-ze moyvanil sqemebSi simboloebi warmodgenilni iyvnen 
TavianTi mniSvnelobebiT drois ti da ti+1 taqturi momentebisaTvis. 
cxadia, isini avtomatis Sesasvlelze, Sida mexsierebaSi da 
gamosasvlelze arseboben taqturi momentebis garkveuli 
mimdevrobisaTvis da SeiZleba vimsjeloT Sesabamis simboloTa 
mimdevrobebzec. magaliTad SegviZlia ganvixiloT simboloTa 
mimdevrobebi avtomatis romelime  SesasvlelisaTvis  
u = u0(t

0), u1(t

1), u2(t

2), . . . , 
da romelime gamosasvlelisaTvis 
v= v0(t

0), v1(t

1), v2(t

2), . . . ; 
an ufro martivad Tu CavwerT 
u = u0, u1, u2, . . . , 
v = v0, v1, v2, . . . ; 
mocemul SemTxvevaSi, Tu gamoviyenebT dayovnebis algebrul D 
operators, Sesabamisad gveqneba [3]: 
0 1 2
0 1 2
0 1 2
0 1 2
( ) ...,
( ) ....
u D u D u D u D
v D v D v D v D
   
   
                                        (1) 
      simboloTa mimdevrobebis amgvari warmodgena SeiZleba 
gamoyenebuli iqnas sasruli avtomatis nebismieri 
SesasvlelisaTvis, nebismieri gamosasvlelisaTvis da aseve Sida 
mexsierebisaTvisac. mocemul SemTxvevaSi D-s xarisxi miuTiTeebs 
simbolos dayovnebaze Sesabamisi taqturi intervaliT. cxadia 
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dayovnebis operatori SeiZleba gamoyenebuli iqnas dayovnebis 
elementebis warmodgenis drosac da maSin nax. 1 miiRebs, qvemoT, 
nax. 2–ze moyvanil saxes. mocemul SemTxvevaSi wyvil ujrediani 
Zvris registrebi Secvlilia Sesabamisi dayovnebis elementebiT. 
kombinaciuri sqema
u1(ti)
u2(ti)
uk(ti)
v1(ti)
v2(ti)
vn(ti)
s1(ti)
s2(ti)
sm(ti)
s1(ti+1)
s2(ti+1)
sm(ti+1)
1
2
k
1
2
n
kombinaciuri sqema
u(ti) v(ti)
s(ti) s(ti+1)
b.
a.
D
D
D
D
 
nax. 2. sasruli avtomati (a)  da misi zogadi saxe (b) dayovnebis 
elementebiT. 
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nax. 3 a-ze moyvanilia amjamavi, xolo nax. 3 b-ze moyvanilia 
gamamravlebeli, orive SemTxvevaSi Sekrebisa da gamravlebis 
operaciebi xorcieldeba Sesabamis algebrul struqturaSi (jgufi, 
rgoli, veli, ...). nax. 3 g-ze naCvenebia dayovnebis elementi, 
romelsac aqvs mexsiereba rogorc Sesasvlelis, aseve 
gamosasvlelis mxridan (faqtobrivad is warmoadgens Zvris 
registris or ujreds) da axorcielebs simbolos dayovnebas erTi 
taqturi intervaliT. 
D+
b a aDa
b
a+
                           
b
a
a b
g. dayovnebis elementia. amjamavi
b. gamamravlebeli
.
+ ...+c
c
t t
drois momentebi
i i+1
 nax. 3. sasruli avtomatis SesaZlo Semadgeneli elementebi. 
 sasruli avtomatis impulsuri reaqcia (I(t)) aris reaqcia mis 
gamosasvlelebze, roca Sesasvlelebze moqmedeben diskretuli 
delta impulsebi:  
n
n
t
n

  

1 , roca 0 ;
( )
0 , roca ¹0 ;
 
Tu avtomati cifrulia, maSin 1 da 0 cifruli simboloebia. 
im SemTxvevaSi, Tu viciT u(t) simboloebi sasruli avtomatis 
Sesasvlelze da impulsuri reaqcia mis gamosasvlelze, v(t)  
gamosasvleli simboloebi ganisazRvrebian rogorc diskretuli 
naxvevi Sesasvleli  simboloebisa  da Sesabamisi impulsuri 
reaqciisa: 
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1
0
( ) ( ) ( )
j
j i j
i
v t u t I t 

   
romelSic, max(j)=L+1 (sadac L impulsuri reaqciis sigrZea anu 
simboloTa raodenobaa I(t)-Si, ris Semdegadac avtomatis Sida 
mdgomareoba aRdgenilia sawyis mniSvnelobamde anu reaqcia 
gamosasvlelze dasrulebulia). moyvanil gamosaxulebasTan 
dakavSirebiT, unda SevniSnoT, rom zogadad u(t) da I(t) funqciebis   
naxvevi   ewodeba   qvemoT   moyvanil  integrals [4] :  
( ) (τ) ( τ) τ,v t u I t d


    
romelsac, diuhamelis integralsac uwodeben; is gansazRvravs v(t) 
funqcias sistemis gamosasvlelze, Tu Sesasvlelze gvaqvs funqcia 
u(t) da sistemis impulsuri reaqciaa I(t). 
 nax. 4-ze, moyvanilia magaliTi cifruli sasruli avtomatisa 
impulsuri reaqciiT I=1,1,0,1. 
D DD
+ + +
..
a.
D DD
+
b.
..
u(D)
u(D)
v(D)
v(D)
 
nax. 4. sasruli avtomatis magaliTi (a) da misi gamartivebuli saxe (b). 
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 aq avtomatis gamartivebuli saxiT warmodgena eyrdnoba im 
faqts, rom avtomatis Sesasvlelze, mexsierebaSi da gamosasvlelze 
arsebuli simboloebi ekuTvnian iseT algebrul  struqturas  
(jgufs, rgols da a.S.), sadac adgili aqvs Sekrebis  
asociatiurobas. simartivis mizniT, mimdevrobebi SegviZlia 
gamovsaxoT mZimeebis gareSe da gveqneba I = 1101; Tu visargeblebT  
dayovnebis  operatoriT, maSin I(D)=1+D+D3. dayovnebis operatoris 
gamoyenebis gveqneba: 
0 0
;
j j
i i j i j
j i j i i j i
i i
v D u D I D u I D 
 
      
(1)-is gaTvaliswinebiT 
0 0
,
jL+1 L+1
j j
j i j i
j=0 i i
v D u I D
 
    
anu SegviZlia davweroT 
v(D) = u(D)·I(D);                                     (3) 
aqedan Cans, rom nax. 4-ze moyvanili sqema uzrunvelyofs ori 
u(D) da I(D) mravalwevris erTmaneTze gamravlebas. aqve SegviZlia 
CavTvaloT, rom I(D) aris avtomatis gadacemis funqciac. e.i. 
sabolood vaskvniT, rom Tu mocemulia avtomatis gadacemis 
funqcia mravalwevris saxiT, maSin mis mixedviT SegviZlia 
movaxdinoT mravalwevrTa gamamravlebeli Sesabamisi sqemis Sedgena 
anu sinTezi. 
 rogorc moyvanili magaliTebidan Cans, Cvens mier ganxiluli 
sasruli avtomatebi maT Sesasvlelze arsebul simboloTa 
mimdevrobas, garkveuli wesiT, gardaqmnis gamosasvlelze arsebul 
simboloTa mimdevrobaSi anu kodur mimdevrobaSi. aRniSnul 
process kodirebis procesi anu mokled kodireba ewodeba, xolo 
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Sesabamis sasrul avtomats koderi. koduri mimdevrobebis 
simravles kodi ewodeba. im SemTxvevaSi, Tu kodi miiReba sasruli 
avtomatis Sesasvlelze arsebuli simboloebisa da avtomatis 
impulsuri reaqciis xvevis (rasac Cvens mier ganxilul SemTxvevaSi 
hqonda adgili) Sedegad, mas xveula kodi ewodeba. 
 dReisaTvis arsebuli umravlesi kodebi agebuli arian iseT 
maTematikur struqturaze, rogorebicaa rgoli da veli, rac imas 
niSnavs, rom kodis yvela simbolo ekuTvnis mocemul rgols an 
vels, xolo kodirebisas ariTmetikuli operaciebi xorcieldeba 
Sesabamis struqturaSi. am SemTxvevaSi, Tu veli an rgoli q-obiTia 
Sesabamisi kodic  q-obiTia da q-s kodis Zirs uwodeben.rer 
      sasruli avtomatebi SeiZleba aRwerili iqnan awonili 
orientirebuli grafebis saSualebiT, romlis drosac grafis 
wveroebs miewerebaT avtomatis Sida mdgomareobebis mniSvnelobebi 
(anu drois mocemul momentSi avtomatis mexsierebaSi arsebul 
simboloTa SesaZlo mimdevrobebi anu kombinaciebi). cxadia, am 
dros, grafis rigi (wveroebis raodenoba) tolia avtomatis Sida 
mdgomareobebis ricxvisa. avtomatis  erTi  mdgomareobidan meoreSi 
gadasvlas Seesabameba mocemul wveroTa SemaerTebeli wibo, 
romelsac miwerili aqvs wiladi, sadac mricxveli aris avtomatis 
gamosasvlelze arsebuli simboloebi, xolo mniSvneli aris am 
dros avtomatis Sesasvlelze arsebuli simboloebi. moviyvanoT 
erTi magaliTi. 
      davuSvaT gvaqvs nax. 5-ze naCvenebi sasruli avtomati, romlis 
Sesasvleli, Sida da gamosasvleli simboloebi ekuTvnian orobiT 
galuas, GF(2), vels. cxadia avtomatis (koderis) gamosasvlelze 
arsebuli koduri mimdevrobebi qmnian orobiT kods. am 
SemTxvevisaTvis v(ti)=φ(u(ti), s
1
(ti), s
2
(ti), s
3
(ti)) = φ(s
1
(ti), s
2
(ti), s
2
(ti-1)),  e. i. 
koderis gamosasvlelze arsebuli simbolo drois nebismier 
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momentSi ganisazRvreba dayovnebis elementebis Sesasvlelze 
arsebuli simboloebiT. amasTan dakavSirebiT sakmarisia koderis 
mdgomareoba drois nebismiermomentSi warmodgenili iqnas misi 
dayovnebis elementebis Sesasvlelze arsebuli simboloebiT. 
D D
+
u
v
. .
11
00
10 01
1/0
1/1 1/0
0/0
0/1
0/1
1/1
0/0
a.
b.
mexsierebebi avtomatis 
(koderis) Sida mdgomareobiT
 
nax. 5. orobiTi xveula kodis magaliTi. a-koderi, b-misi 
aRmweri grafi. 
 amitom nax. 5-ze moyvanili koderi SegviZlia warmovadginoT 
mdgomareobiT _ 00, 10, 11, 01. avtomatis aRmwerigrafi moyvanilia  
nax. 5. b-ze. 
cxrili1.  monacemebi avtomatis grafis asagebad 
0 0
1 0
0 1
1 1 1 1
0 0
0 1
0 0
0
0 1
1 1
1 0
1 0 1
1
0
1
1
0
0
SesaZlo 
mimdina-
re Sida 
mdgoma-
reobebi
Sesasvlelze
0 - ia
Sesasvlelze
1 - ia
Sesasvlelze
0 - ia
Sesasvlelze
1 - ia
momdevno Sida mdgoma-
reobebi
gamosasvleli simboloebi
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1.2 xveula kodebis aRwera da maTi parametrebi 
      xveula kodis formirebis procesi (xveula kodis koderi) 
SeiZleba aRiweros grafis saSualebiT da mas koderis 
mdgomareobaTa diagramas uwodeben. amasTan dakavSirebiT  
ganvixiloT  erTi magaliTi. vTqvaT gvaqvs  orobiT galuas velze  
(GF(2))  mocemuli  xveula  kodis koderi erTi SesasvleliT  (k=1)   
da ori gamosasvleliT (n=2). dauSvaT, rom mas aqvs  nax. 6-ze 
moyvanili saxe. aq koderis Sida mexsiereba warmodgenili  aris 
Zvris registris ujredebisa da dayovnebis  elementebis  
saSualebiT; koderis  mdgomareoba warmovadginoT  mis dayovnebis 
elementebis Sesasvlelebze arsebuli  simboloebiT da SevadginoT 
cxrili 2. mocemuli cxrilis Sesabamisad agebul, nax. 6-ze 
moyvanil koderis, mdgomareobaTa diagramas aqvs nax. 7-ze naCvenebi 
saxe.  
      diagramis wiboebs miwerili wonebis, wiladi ricxvebis, 
mniSvnelebi Seesabamebian simboloebs koderis Sesasvlelze 
(sainformacio simboloebs), xolo mricxvelebi – koderis 
gamosasvlelebze arsebul Sesabamis simboloebs (kodur 
simboloebs). cxadia mocemuli  grafi (xveula kodis koderis 
mdgomareobaTa diagrama) srulad aRwers kodirebis process. 
magaliTad, Tu mocemuli koderis sawyisi mdgomareoba iyo 000, 
Sesasvlelze   gvqonda sainformacio  simboloTa mimdevroba 10111, 
maSin, misi Sesabamisi, koderis mdgomareobaTa  mimdevroba iqneba 
000 100 010 101 110 111 da Sedegad koderis gamosasvlelze miviRebT 
kombinacias 1111011110. Sesabamisi gza nax. 7-ze warmodgenilia 
SedarebiT muqi wiboebiT. 
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D D D
+
+
. . . .
+
+a.
b.
1 01
11 1
1
0
1
1
1
1
 
nax. 6. xveula kodis  koderis  magaliTi: 
         a. mexsiereba  warmodgedgenilia  Zvris  registris    ujredebiT         
        b. mexsiereba warmodgenilia  dayovnebis  elementebiT. 
aRvweroT, xveula  kodis koderi xis saSualebiT. 
simartivisaTvis, ganvixiloT nax. 8 a-ze moyvanili orobiTi kodis 
koderi. misi Sesabamisi koduri xe naCvenebia nax. 9-ze. 
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cxrili 2. monacemebi koderis grafis asagebad 
0 0 0
0 0 1
0 1 0
0 1 1
SesaZlo 
mimdinare  
mdgomare-
obebi Sesasvlelzea 0 
momdevno  mdgomareobebi gamosasvleli simboloebi
1 0 0
1 0 1
1 1 0
1 1 1
0 0 0
0 0 0
0 0 1
0 0 1
0 1 0
0 1 0
0 1 1
0 1 1
1 0 0
1 0 0
1 0 1
1 0 1
1 1 0
1 1 0
1 1 1
1 1 1
1 1 
1 1 
1 1 
1 1 
0 0
0 0
0 0
0 0
0 1
0 1
0 1
0 1
1 0 
1 0 
1 0 
1 0 
Sesasvlelzea 0 Sesasvlelzea 1 Sesasvlelzea 1 
 
000
100
010 110
001
011 101
111
00/0
11/1
11/0
00/1
10/0
01/1
01/0
10/1
00/0
00/1
10/1
01/0
10/0
01/1
11/0
11/1
 
nax. 7. 6-e naxazze moyvanili xveula kodis koderis mdgomareobaTa 
diagrama. 
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D D
+
+
. . .
00
01
00/0
11/1
00/1
10/0
01/1 01/0
10
10/1
11/0
11
a.
b.
 
nax. 8. xveula kodis koderi 
(a)  oTxi mdgomareobiT da misi mdgomareobaTa diagrama (b). 
      is agebulia nax. 8 b-ze moyvanili koderis mdgomareobaTa 
diagramis (grafis) mixedviT. am dros xis wveroebs SeesabamebaT 
koderis mdgomareobebis mniSvnelobebi, xolo wiboebs – koderis 
gamosasvlelze arsebuli (koduri) simboloebi. 
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.
.
. ..
...
.
.
.
.
. ..
..
.
.
.
.
.
.
.
.
.
.
.
.
.
00
00
00
00
00.
10
10
10
10
01
01
01
11
11
11
00
10
00
10
00
10
01
01
11
11
11
01
01
11
00
10
00
00
00
00
00
00
11
11
11
11
11
11
00
00
11
11
11
00
10
10
10
10
10
10
10
10
01
01
01
01
01
01
01
01
11
11
11
11
11
11
11
00
00
00
00
00
00
00
01
01
01
01
01
01
01
10
10
10
10
1010
10
 
nax. 9. me-8 nax.-ze moyvanili koderis koduri xis fragmenti. 
 
      wibos mimarTuleba zemodan qvemoT Seesabameba sainformacio 
simbolo 1-s, xolo mimarTuleba qvemodan zemoT – 0-s. 10111 
sainformacio mimdevrobis Sesabamisi gza xeze SedarebiT muqi 
wiboebiTaa naCvenebi. aqac, rogorc wina magaliTSi CavTvaleT, rom 
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koderis sawyisi mdgomareoba nulovania. Cvens SemTxvevaSi is 
Seesabameba xis Zirs. cxadia, moyvanili nax. 9-dan, saTanado koduri 
mimdevrobaa 1110000110. 
      koderis mdgomareobaTa diagramis droSi  gaSliT (taqturi 
intervalebis mixedviT) miiReba orientirebuli grafi, romelic 
aRwers kodirebis process da mas koderis gisosiseburi diagrama 
anu kodis gisosi ewodeba. 
magaliTisaTvis, nax. 8 a-ze naCvenebi koderis Sesabamisi 
xveula kodis gisosi moyvanilia nax. 10-ze. taqturi momentebis 
Sesabamis kveTs gisosze iarusi ewodeba [5]. aq da momavalSi, 
gisosis wveros, kvanZs vuwodebT, xolo wibos – Stos. vinaidan 
Stoebi gisosze Seesabamebian koduri simboloebis gadacemas droSi 
marcxnidan marjvniv, isini gamosaxulebi arian mimarTulebebis 
maCveneblebis gareSe.    
 10111 sainformacio mimdevrobis Sesabamisi gza gisosze, nax. 9 
a-ze moyvanili xveula kodis koderisaTvis, naCvenebia SedarebiT 
muqi StoebiT.  am dros gvaqvs koderis mdgomareobaTa 00 10 01 10 11 
11 mimdevroba  da koduri kombinacia 1110000110. 
nax. 7-ze da nax. 8 b-ze Cans, rom moyvanili grafebi 
arasrulia; aseve Cans, rom nax. 10-ze warmodgenil gisosze 
yvelanairi gza ar arsebobs; swored es faqtebi miuTiTeben imaze, 
rom mocemul SemTxvevebSi arseboben akrZaluli koduri 
kombinaciebi, e.i. gvaqvs kodireba siWarbiT. 
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nax. 10. xveula kodis gisosis fragmenti. 
    Kkodis siCqare ganisazRvreba gamosaxulebidan R=k/n, sadac k 
aris garkveuli alfabetis sainformacio simboloebis raodenoba, 
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romlebic erTdroulad miewodebian koderis Sesasvlelebze, xolo 
n aris Sesabamisi, imave alfabetis, koduri simboloebis raodenoba.  
Tu gvaqvs iseTi koderi, romlis yvela k Sesasvlelze sainformacio 
simboloebis miwodeba xdeba erTdroulad da imave droSi koderis 
n gamosasvlelze vRebulobT n kodur simbolos, maSin kodis siCqare 
toli iqneba koderis Sesasvlelebisa da gamosasvlelebis 
raodenobaTa Tanafardobisa.  
      mexsierebis elementebis raodenobas koderSi xSirad 
aRniSnaven  K-Ti da mas makodirebeli registris sigrZes uwodeben. 
magaliTad, nax. 6-ze moyvanili kodisaTvis K=4, nax. 8-ze moyvanili 
kodisaTvis K=3. 
      xveula kodis koderis  i-uri SesasvlelisaTvis reaqciis 
sigrZe aris sidide 
max[ ( )];i i j 
j
 = deg G D  
moyvanil gamosaxulebaSi i  aris  G(D)  matricis striqonis  nomeri, 
xolo  j  svetis nomeria.  
      mTlianobaSi, SesasvlelTaTvis, koderis reaqciis sigrZe 
1
;
k
i
i =
  
 
xSirad am sidides koduri SezRudvis sigrZesac uwodeben 
[6]. kods,  roca nebismieri i  da j – Tvis sruldeba  piroba,  
max[deg ( )] 1,i j 
i , j0
G D   
ewodeba erTeulovani mexsierebis mqone kodi [7]. koderisTvis, 
romelsac aqvs k Sesasvleli   
K k  
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      mocemul metrikaSi l rigis sveturi manZili ganisazRvreba 
rogorc minimaluri manZili, koduri xis Ziridan gamosul 
gansxvavebuli pirveli wiboebis mqone, l+1 raodenobis sainformacio 
simbolos Sesabamis kodur  mimdevrobebs Soris.  
 qvemoT moyvanilia (7,5) xveula kodis koduri kombinaciebi, 
romlebic yoveli l-isaTvis gayofili arian or jgufad da am 
jgufebs gansxvavebuli aqvT xis Ziridan gamomavali pirvelive 
wiboebi. manZilTa erTobliobas d=(d0, d1, d2, d3, d4,. . .) xveula kodis 
distanciur profils uwodeben. Mmoyvanili magaliTisaTvis hemingis 
metrikaSi d=(2, 3, 3, 4, 4, . . .) .  
 xveula  kodis minimaluri manZili aris sveturi manZili l = γ
SemTxvevisaTvis anu γ rigis sveturi manZili. mas aRniSnaven  dmin –iT 
da q–obiTi kodisaTvis  
min (( 1) / ) ( / ( 1) )
R nd q q n q L      
 
 
└ x┘  aRniSnavs x–ze nakleb an tol udides mTel ricxvs, xolo  
0(γ 1) .L n 
 
 
zogjer am sididesac koduri SezRudvis sigrZes uwodeben. 
xveula kodis Tavisufali manZili aris sveturi manZili l→∞  
SemTxvevisaTvis. mas aRniSnaven  dfree - iT. 
      Tavisufali hemingis manZilis zeda sazRvari R=1/n siCqariani   
orobiTi xveula kodebisaTvis miRebuli iqna heleris mier [8], 
romelic R-is racionaluri mniSvnelobebisaTvis modificirebuli 
iqna [9]-Si Semdegi saxiT: 
1(2 / (2 1)) ( ) ( / ) ,min
i i
free
I i
d K i k n k

       
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romelSic 
1, 2 ;
, 2 1.k K
K k 1
I
k
 
 

Tu
Tu
 
 
00
11
0000
0011
1110
1101
000000
000011
001110
001101
111011
111000
110101
110110
00000000
00000011
00001110
00001101
00111011
00111000
00110101
00110110
11101100
11101111
11100010
11100001
11010111
11010100
11011001
11011010
0000000000
0000000011
0000001110
0000001101
0000111011
0000111000
0000110101
0000110110
0011101100
0011101111
0011100010
0011100001
0011010111
0011010100
0011011001
0011011010
1110110000
1110110011
1110111110
1110111101
1110001011
1110001000
1110000101
1110000110
1101011100
1101011111
1101010010
1101010001
1101100111
1101100100
1101101001
1101101010
l=0 l=1 l=2 l=3 l=4
0d   =  2
d   =  3
d   =  3
d   =  4
d   =  4
1
2
3
4
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xveula kodis r rigis striqonuli manZili ganisazRvreba  
rogorc  minimaluri  manZili kodis gisosze im wyvil gzebis 
Sesabamis kodur mimdevrobebs Soris, romlebic jer iyofian, xolo 
r Stos Semdeg isev erwymian erTmaneTs. mas Cven aRvniSnavT dr 
simboloTi. 
katastrofuli kodebis gamoyeneba dekodirebisas gvaZlevs  
Secdomebis  usasrulo raodenobas, roca arxSi Secdomebis 
raodenoba sasrulia.   
davuSvaT   R=k/n  siCqariani kodis warmomqmneli G  matrica 
Seicavs knC  raodenobis k x n zomis Ge qvematricebs (e=1,2,…...,
k
nC ). 
vTqvaT, TiToeuli matricis determinantia det Ge; maSin xveula kodi 
ar iqneba katastrofuli, Tu 
GCD[det Ge, e=1,2,…,
k
nC ]=D
a
, 
sadac a   nebismieri mTeli arauaryofiTi ricxvia. 
      Tu R=1/n, maSin xveula kodis arakatastrofulobis piroba 
Caiwereba Semdegnairad [10]:  
GCD[G1(D), G2(D),…, Gn(D)]=D
a
. 
1.3 xveula kodebis dekodireba maqsimaluri damajereblobis 
principiT. viterbis algoriTmi. 
dekodirebis meTodi maqsimaluri damajereblobis principiT 
warmoadgens dekodirebis tipiur algoriTms [11], romelic 
dafuZnebulia miRebuli simboloebis albaTur maxasiaTeblebis 
gamoyenebaze. algoriTmi farTod gamoiyeneba mokle xveula kodebis 
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dekodirebisas. qvemoT, dekodirebis algoriTmi ganxilulia xveula 
kodis magaliTze siCqariT R=1/n. 
    dekodirebis procesSi kodis gisosze gza iwyeba momentSi, 
roca t = 0 da koders Sesasvlelze miewodeba L sigrZis sainformacio 
mimdevroba uL = ( u0 u1 u2 . . . uL-1). xolo gamosasvlelze iqneba 
simboloebi 0 1 2 1( ... )L La a a a a  . koderis mdgomareoba t momentisaTvis 
ganisazRvreba rogorc  nakrebi ν sainformacio mimdevrobidan ωt = 
(ut ut-1 . . . ut- ν+1). kodis gisosiseburi diagrama erTmniSvnevlovnad 
akavSirebs sainformacio mimdevrobas (uL), koderis mdgomareobaTa 
mimdevrobas (ωt) da koderis gamosasvlelze arsebul mimdevrobebs  
( La ). 
   arxSi kodis TiToeul simbolos Seesabameba signali, 
romelic SeiZleba warmodgenili rogorc St = (St
(0)
 St
(1)
 . . . St
(N)
) 
koordinatTa erToblioba. iq masze moqmedebs aditiuri xmauri da 
Sesabamisad dekoderis Sesasvlelze gvaqvs mimdevroba XL = SL + nL, 
sadac SL = (S0 S1 . . . SL-1), nL = (n0 n1 . . . nL), nt = (nt
(0)
 nt
(1)
 . . . nt
(N)
) aris N sigrZis 
xmauris veqtori. dekodirebis procesi warmoadgens gzis amorCevas 
kodur gisosze maqsimaluri aposteriuli albaTobis principiT. 
dekodirebisas gza SegviZlia avirCioT ramodenime meTodiT: koduri 
gzis Semadgeneli Stoebis wonaTa (SefasebaTa) erTobliobiT  
0 1 1
ˆ ˆ ˆ ˆ( ... )L La a a a  ; koderis mdgomareobaTa mimdevrobiT  
0 1 1
ˆ ˆ ˆ ˆ( ... )L L     ; an koderis Sesasvlelze arsebuli simboloTa 
mimdevrobiT 
0 1 1
ˆ ˆ ˆ ˆ( ... )L Lu u u u  , romelic emTxveva koderis mdgomareobis 
pirvel simbolos. XL mimdevroba dekodirdeba SecdomaTa minimaluri 
albaTobiT, Tu yvela SesaZlo gzidan avirCevT ˆ
La  Sefasebas, 
romlisTvisac maqsimaluria aposteriuli albaToba ˆ( / )L LP a X . ˆLa  
simboloTa erTobliobis yvela SesaZlo variantis gadacema 
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iTvleba TanabaralbaTurad. aseT SemTxvevaSi dekodireba 
maqsimaluri aposteriuli albaTobis kriteriumiT eqvivalenturia 
dekodirebisa maqsimaluri damajereblobis kriteriumiT, roca 
arCeulia ˆ
La  Sefaseba, romelic uzrunvelyofs ˆ( / ) maxL LP X a   
pirobas. arxSi, mexsierebis gareSe pirobiTi albaToba ˆ( / )L LP X a
proporciulia signalisa da xmauris jamis pirobiT albaTobaTa 
simkvrivis namravlis. 
1 1
(0) (1) ( ) (0) (1) ( )
0 0
( / ) ( / ) ( ... / ... )
L L
N N
L L t t t t t t t t
t t
p X S p X S p X X X S S S
 
 
           (3) 
gausis arxSi, N0 speqtraluri simkvrivis mqone TeTri xmauris 
[12] zemoqmedebisas (3)-s aqvs saxe: 
( ) ( ) 2
0 0
1
( / ) (1/ ) exp{ [ ( ) ] / 2 }
N
N i i
L L t t
i
p X S N X S N

   . 
maqsimumis sapovnelad gamoviyenoT galogariTmeba: 
1
( ) ( ) 2
0 0
0
1
1
( ) ( ) 2 ( ) ( ) 2
0 0 0
0 1 1
ln ( / ) ln (1/ ) exp{ [ ( ) ] / 2 }
ln(1/ ) ( ) ] / 2 ( ) ] / 2 .
NL
N l i
L L t t
t
l
L N
l i i i
t t t t
t i i
p X S N X S N
NL N X S N X S N






  
     
   

 
   
dekodirebis procesSi irCeven signalis mimdevrobas 
0 1 1
ˆ ˆ ˆ ˆ( ... )L LS s s s  da masTan erTmniSvnelovnad dakavSirebul StoTa 
mimdevrobas 0 1 1ˆ ˆ ˆ ˆ( ... )L La a a a  , romelic uzrunvelyofs jamis minimums 
1
( ) ( ) 2
0 1
( ) min;
L N
l i
t t
t i
PM X S

 
                     (4) 
mas gzis metrika ewodeba da moicavs Semadgenel StoTa metrikas 
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( ) ( ) 2
1
( )
N
l i
t t t
i
BM X S

  ,      
gausis arxSi StoTa metrika proporciulia signalisa da 
xmauris miRebul jamisa (xt)  da signalis veqtors ( ˆts ) Soris 
evklides manZilis kvadratis, romelic Seesabameba ˆ
ta kodis 
saTanado Stoebi. diskretul arxebSi manZilis Sesafaseblad 
iyeneben hemingis metrikas. 
   gisosiseburi diagramis perioduli struqtura arsebiTad 
amartivebs dekodirebis procesSi gzebis Sedarebas da SerCevas (4)-
is Sesabamisad. gisosze mdgomareobaTa raodenoba SezRudulia, da 
Sesabamisad or SemTxveviT arCeul sakmarisad grZel gzas aqvs, 
rogorc wesi, saerTo mdgomareoba. mdgomareobaTa Semadgeneli gzis 
segmentebi aucilebelia Sedardes erTmaneTs da airCes is gza 
romelsac aqvs yvelaze naklebi metrika. aseT gzas ewodeba 
gadarCenili. viterbis algoriTmSi gzis segmentebis Sedarebisa da 
uaryofis procesi warmoebs periodulad, dekodirebis yovel 
nabijze. ganvixiloT (7,5) kodis dekodirebis procesi, romlis 
simboloebic gadaicema diskretuli arxiT. 
    Stoebis metrika ganisazRvreba dekoderis Sesasvlelze 
arsebuli x(1) x(2)  simboloTa erTobliobasa da kodis gisosze 
mocemul simboloTa a(1) a(2)  erTobliobas Soris arsebuli xemingis 
manZiliT. Tu x(1) x(2) =1, maSin (7,5) kodisaTvis StoTa metrikis yvela 
SesaZlo mniSvnelobebi iqneba: BM(00) – 1, BM(01) – 0, BM(11) – 1, 
BM(10) – 2. gzis metrika ki warmoadgens gisosze arsebul 
ramodenime gzisgan Sedgenil StoTa metrikebis jams. mdgomareobaTa 
metrika udris gzaTa im metrikas, romelic mTavrdeba mocemul 
mdgomareobaze. dekodirebis biji warmoadgens dekoderis mier 
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arxidan miRebuli monacemis damuSavebis im taqtebis raodenobas, 
romelic arsebobs gisosze or mezobel kvanZs Soris.  
   qvemoTmoyvanil nax. 11-ze naCvenebia dekodirebis procesis 
ganviTareba ½1/2 siCqaris mqone xveula kodisaTvis, registrebis 
raodenobiT K = 3 (koderi ix nax. 8). koderis Sesasvlelze arsebobs 
simboloTa Semdegi wyvilebi: 11 10 00 11 01 . . . (ganixileba 
dekodireba xisti gadawyvetilebiT). 
   sawyis momentSi koderi imyofeba 00 mdgomareobaSi da 
Sesabamisi mdgomareobaTa metrika toli iqneba 0-is (nax. 11 a). Tu 
Sesasvleli simboloebi iqneba – 11, maSin am mdgomareobidan 
gamomavali Stoebis 00 da 11 Sesabamisi metrika iqneba (00) – 2 da (11) 
– 0. es naCvenebia dekodirebis pirvel bijze. analogiuri suraTia 
Semdeg etapzec, rodesac arxidan miewodeba koders wyvili biti 10 
BM(00) = 1, BM(11) = 1, BM(10) = 0 BM(01) = 2. am bijze, mdgomareobaTa 
metrika ganisazRvreba Semavali StoTa metrikisa da wina 
mdgomareobaTa metrikis jamiT SM(00)=2+1=3; SM(10)=2+1=3; SM(01)=0+ 
0=0 da SM(00)=0+2=2. 
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nax. 11. viterbis procedura 
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   gisosiseburi diagramis ganviTareba am procesiT mTavrdeba. 
Semdegi algoriTmia erTi ZiriTadi nabijis ganmeoreba. es 
procesebi dawvrilebiT aris naCvenebi diagramaze (nax. 11 b-z). i-uri 
bijis dasawyisSi dekoderis mexsierebaSi Cawerilia wina etapze 
miRebuli mdgomareobaTa metrika 1(00)iSM , 1(01)iSM , 1(10)iSM , 
1(11)iSM . arxidan miRebuli simboloebis mixedviT xdeba StoTa 
metrikis gamoTvla (00)iBM , (11)iBM , (10)iBM , (01)iBM  da aseve, oTxi 
mdgomareobis (00)iSM , (10)iSM , (01)iSM , (11)iSM  formireba Semdegi 
wesiT: yovel Semdeg mdgomareobamde midis ori gza (magaliTad 00 
mdgomareobamde gza midis wina 00 da 01 mdgomareobebidan), 
dekodirebis i-ur nabijze gzis metrikas dekoderi gamoTvlis 
rogrc wina mdgomareobaTa metrikisa da Semavali StoTa metrikis 
jams: 
1
1
(00) (00) (00)
(00)
(00) (01) (11),
i i i
i
i i i
PM SM BM
SM
PM SM BM


  

 
 
1
1
(01) (10) (10)
(01)
(01) (11) (01),
i i i
i
i i i
PM SM BM
SM
PM SM BM


  

 
 
1
1
(10) (00) (11)
(10)
(10) (01) (00),
i i i
i
i i i
PM SM BM
SM
PM SM BM


  

 
 
1
1
(11) (10) (01)
(11)
(11) (11) (10),
i i i
i
i i i
PM SM BM
SM
PM SM BM


  

   
 
  Semdeg xdeba TiToeul mdgomareobaSi Semavali gzaTa 
metrikis wyvil-wyvilad Sedareba. xdeba umciresi metrikis arCeva, 
romelic CaiTvleba Sesabamisi mdgomareobis metrikad da 
gamoiyeneba dekodirebis Semdegi bijisaTvis. am umcires gzas – 
gadarCenil gzas uwodeben. nax. 11 –ze gadarCenili gzebi naCvenebia 
muqi xazebiT. gzebi, romelsac aqvs ufro meti metrika iTvleba 
uaryofilad da naxazze naCvenebia wyvetili xazebiT.  
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     viterbis algoriTmSi, aseTi saxiT xdeba dekodirebis yvela 
etapze 3 procedura: 1) wina mdgomareobaTa metrikisa da Sesabamis 
StoTa metrikis Sekreba, 2) Semaval gzaTa metrikis Sedareba da 3) 
ufro naklebi merikis mqone gzis arCeva, romlis sididec Semdeg 
gamoiyeneba rogorc, mdgomareobaTa metrika dekodirebis Semdegi 
etapisaTvis. Tuki moxdeba ise rom, erT mdgomareobaSi Semaval or 
gzas Soris gzaTa metrika iqneba Tanabari, maSin maT Soris arCeva 
xdeba SemTxveviTi gziT.  
   dekodirebis TiToeul etapze gzis gagrZelebis SesaZlo 
variantebidan naxevari uaryofilia. gzaTa danarCeni naxevari 
grZeldeba Semdeg bijamde, sadac Cndeba gzis gagrZelebis Semdegi 2 
varianti. aseTnairad, yovel etapze, dekoderSi gamosaTvleli 
gzebis raodenoba Tanabaria. dekoderSi inaxebaLL-simboloTa 
sigrZis gzebi. ufrosi biti, romelic arsebobs ufro naklebi 
metrikis mqone gzaze, warmoadgens dekoderis gamosasvlel bits. 
zemoT moyvanil naxazze naCvenebia dekodirebis Semdegi etapebi (nax. 
11 b-z). ganvixiloT es etapebi detalurad. mesame etapze wyvetili 
xaziT naCvenebia uaryofili gzebi, romlebic Semdeg etapze aRar 
grZeldeba. uaryofili gzebis raodenoba gisossze izrdeba, xolo 
gadarCenili gzebis raodenoba mudmivia (mocemul SemTxvevaSi 4). 
davuSvaT gadacemis arxSi moxda Secdoma erT simboloSi (nax. 11 g). 
es Secdoma gasworebuli iqneba Tu dekodirebis Semdeg etapze 
arCeuli iqneba umciresi metrikis mqone gza. mexuTe etapze (nax. 11 
d) umciresi metrikis mqone gza gadis mdgomarebas S = 11, rac 
Seesabameba gadasacem sainformacio mimdevrobas u = 10110... . koderis 
mdgomareobebi, romlebzedac gadis SerCeuli gzebi, gansazRvravs 
swored sainformacio mimdevrobis simboloebs. gisosze Cans, rom 
garkveul manZilze gadarCenili gzebi boloSi erTiandeba (nax. 11 
z). 
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1.4 daskvnebi 
mocemul TavSi ganxiluli iyo klasikiuri xveula kodebi, 
romlis warmodgenisaTvis gamoyenebulia sasruli avtomatis 
modeli, romelSic sainformacio da koduri mimdevrobebi 
warmodgebian dayovnebis operatorebiT. igive iqneba gamoyenebuli 
Cvens mier SemdgomSi axali kodebis agebisas. amasTan gamoyenebuli 
iqneba igive aRweris meTodebi da kodTa parametrebi. 
Cven, specialurad dawvrilebiT ganvixileT dekodirebis 
maqsimaluri damajereblobis principi (romelic realizebulia 
viterbis algoriTmiT), radganac igive principiT iqneba 
dekodirebuli Cvens mier agebuli axali kodebi, romlebic 
efuZnebian xveula kodebs alfabeturi siWarbiT. 
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Tavi II    
xveula kodebi alfabeturi siWarbiT 
2.1 kodebi simbolur-alfabeturi siWarbiT  
 kodTa Tanamedrove klasifikaciiT arsebobs mravali jgufi, 
romlebSic raRac niSniT gaerTianebulia garkveuli raodenobis 
siWarbis kodi da yoveli calkeuli jgufisaTvis gamoyenebulia 
kvlevis specifikuri da konkretuli midgoma. vfiqrobT, SeiZleba 
Seiqmnas iseTi sistema, romelic ganixilavs erT zogad kods, xolo 
yvela danarCeni misi konkretuli realizaciebi iqneba. aseT kods 
vuwodebT Cven kods simbolur-alfabeturi siWarbiT da vvaraudobT 
rom kvlevebi aRniSnuli kuTxiT mniSvnelovan Sedegebamde 
migviyvans. amis dadasturebis erT kerZo SemTxvevas eZRvneba 
winamdebare paragrafi, sadac naCvenebia, rom zogadad 
perforirebuli xveula kodi [13] aris simbolur-alfabeturi 
siWarbis mqone kodis konkretuli realizacia. 
xveula kodebis siCqaris gazrda SeiZleba koduri 
simboloebis amogdebiT winaswar gansazRvruli wesiT. miRebul 
kodebs, perforirebul kodebs uwodeben [13] magaliTad (ix. nax. 12), 
Tu aviRebT R=1/2 siCqarian xveula kods da koduri mimdevrobidan 
yovel meoTxe simbolos amovagdebT, miviRebT peforirebul kods, 
romlis siCqarea R=2/3. am SemTxvevaSi kods eqneba igive sirTule, 
rac 1/2 siCqarian kods, maSin roca Cveulebrivi 2/3 siCqariani kodi 
[14] gacilebiT rTulia. am SemTxvevaSi vgulisxmobT kodis 
Sesabamisi gisosissirTules, romelzec xorcieldeba optimaluri 
dekodirebis procedura viterbis algoriTmis gamoyenebiT (ix. 
paragrafi 1.3). 
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nax. 12. xveula (7,5) kodis gisosis fragmenti 1/2 siCqarisaTvis (a) da igive, 
simboloTa amogdebis gziT miRebuli, 2/3 siCqariani kodisaTvis (b) 
 M-obiTi xveula kodis siCqare zogadad R=k/n. Sesabamisi 
gisosis kvanZebis ricxvi S=Mν, sadac ν aris koderSi mexsierebis 
elementebis raodenoba, xolo TiToeul kvanZSi Semavali Stoebis 
ricxvi B=Mk.  dekodirebis sirTule faqtiurad ganisazRvreba im 
ariTmetikuli operaciebis raodenobiT romlebic gamoyenebulia 
dekodirebis procesSi. cxadia, am SemTxvevaSi, erTi dekodirebuli 
bitisaTvis ( ).
vM
N
k

 
1( 1)kM    vinaidan perforirebuli kodebis 
SemTxvevaSi K=1 simartivis TvalsazrisiT, Cveulebriv 
maRalsiCqarian xveula kodebTan SedarebiT, maTi upiratesoba 
aSkaraa. 
 simbolur-alfabeturi siWarbis kodis koderebs aqvs k 
Sesasvleli da  n gamosasvleli. am dros, tradiciuli 
SemTxvevisagan gansxvavebiT, araa aucilebeli n>k; amasTan, 
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Sesasvleli da gamosasvleli simboloebis alfabetis zomebi 
SeiZleba iyos sxvadasxva da ufro metic, sxvadasxva SeiZleba iyos 
rogorc calkeul Sesasvlelze, ise calkeul gamosasvlelebze 
arsebuli simboloebis alfabetis zomebi. 
 
nax. 13. perforirebuli kodis analogi, kodi simbolur-alfabeturi 
siWarbiT; a) koderis zogadi sqema, b) konkretuli koderi 
nax. 13 a-ze moyvanilia simbolur-alfabeturi siWarbis kodis 
zogadi magaliTi. aq koderis Sesasvlelze arsebuli simboloebis 
alfabetis zoma U=4, e.i. koderis Sesasvlelze miewodeba oTxobiTi 
simboloebi. aseve, koderis pirvel gamosasvlelze arsebuli 
simboloebis alfabetis zoma   =4, e.i koderis pirvel 
gamosasvlelzec gvaqvs oTxobiTi simboloebi. koderis meore 
gamosasvlelze arsebuli simboloebisalfabetis zoma   =2, e.i 
koderis meore gamosasvlelze gvaqvs orobiTi simboloebi.    
 Tu gamosasvlel oTxobiT simboloebs warmovadgenT 
orobiTebis meSveobiT (0     1   , 2   , 3   ) da davuSvaT rom 
arsebobda  hipoTezuri kodi, romlisTvisac   =4, da misi koderis 
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meore gamosasvlelze arsebuli orobiTi koduri mimdevrobidan 
amovagdebT yovel meoTxe simbolos (analogiurad 1-el nax-ze 
moyvanili SemTxvevisa), miviRebT perforirebul kods, romlis 
Sesabamisi koderis realizaciebi naCvenebia me-2 a, b nax-ze, xolo 
misi gisosis fragmenti me-14 nax-ze. cxadia, mocemuli kodis siCqare 
R=2/3, kodis Tavisufali manZili hemingis metrikaSi    =4 xolo 
bijze dekodirebis orobiTi simboloebis raodenoba Cveni 
SemTxvevisaTvis S=4, B=4, n=3, k=1, M=4 da maSin  2N=76; igivea    -is 
mqone perforirebuli kodisTvis 2N=96. 
 
nax. 14. simbolur-alfabeturi siWarbis konkretuli kodis gisosi 
 moyvanili konkretuli magaliTidan gamomdinare, simbolur-
alfabeturi siWarbis kodebi imsaxurebs interess da aucilebelia 
gagrZeldes kvlevebi aRniSnuli mimarTulebiT rogorc Teoriuli, 
ise praqtikuli kuTxiT. am mimarTulebiT Cven gamovikvlevT 
aRniSnul kodebs SemTxvevebisaTvis K=1,  n=1, q>2, Q>2, Q>2. e.i. 
ganxilul kodebs eqnebaT erTi q-obiTi Sesasvleli da erTi Q-
obiTi gamosasvleli. 
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2.2 kodebis povnis meTodebi. deiqstris algoriTmi 
 vinaidan ar arsebobs xveula kodebis agebis raime 
regularuli algoriTmi, amitom Cven kodebs movipovebT 
kompiuteruli Ziebis gziT da am dros mniSvnelovania SevarCioT 
misi Tavisufali manZilis gansazRvris algoriTmi. gavakeToT 
arCevani deiqstris algoriTmze [15, 16] misi simartivis gamo. am 
dros aucilebelia gvqondes kodis aRmweri awonili 
orientirebuli grafi, risi agebis magaliTebi mocemuli iyo Tavi I 
-Si. deiqstris algoriTmi muSaobs Semdegnairad: 
 vTqvaT gvinda gansvsazRvroT umoklesi manZili grafis s 
wverodan f   wveromde. 
 nabiji 1. proceduris dawyebamde grafis arcerTi wvero da 
rkali ar aris SeRebili. yvela x wveros mieniWeba wona romelic 
tolia manZilisa sdan  x-mde. 
vuSvebT, rom ( ) 0w s   da ( )w x   . 
 nabiji 2. yvela x SeuRebavi wverosTvis ganvsazRvroT wona 
( )w x : 
 ( ) min ( ), ( ) ( , )w x w x w y d y x  , 
sadac ( , )d y x  tolia manZilisa ydaxwveros Soris. 
 Tu yvela SeuRebavi x-vis ( )d x   , aloriTmi mTavrdeba, 
winaaRmdeg SemTxvevaSi SevReboT is x wvero, romlisTvisac ( )d x  
minimaluria. Aamave dros iRebeba Sesabamisi rkalic da vuSvebT, 
rom y=x. 
nabiji 3. Tu y=f algoriTmi mTavrdeba da napovnia umoklesi 
manZili s-dan f-mde. winaRmdeg SemTxvevaSi davubrundeT nabij 2-s. 
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ganvixiloT konkretuli magaliTi. vTqvaT gvaqvs alfabeturi 
siWarbis mqone kodi (323). vuSvebT, rom kodi agebulia GF(4)-ze da 
gvaqvs asaxva 00 0; 01 1; 10  ; 11 3. koderis sqema mocemulia qvemoT 
nax. 15-ze.  
D D
+
.
3 2 3
.
 
nax. 15. (323) xveula kodis koderi. 
aq Sesasvleli alfabetis zomaa q=2, xolo gamosasvlelisa Q=4; 
mocmuli koderis grafi moyvanilia nax. 16-ze. Tu cnobili wesebiT 
movaxdenT mis modificirebas [17,18], 
00
01
00/0
11/1
00/1
10/0
01/1 01/0
10
10/1
11
 
nax. 16. (323) xveula kodis aRmweri grafi 
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miviRebT grafs, romelic moyvanilia nax. 17-ze. 
b
a 01c
1
1
1
0
1
fs
22
 
nax. 17. (323) xveula kodis aRmweri modificirebuli grafi 
gamoviyenoT zemoT moyvanili deiqstris algoriTmi da 
vipovoT umoklesi manZili s wverodan f wveromde, anu (323) kodis 
Tavisufali manZili hemingis mixedviT. 
( ) 0w s  ; ( )w a   ; ( )w b   ; ( )w c   ; ( )w f    
manZili gadasvlaze : 
( , ) 2d s a  ; ( , ) 1d a b  ; ( , ) 1d a c  ; ( , ) 1d b c  ; ( , ) 0d c a  ; ( , ) 2d c f  . yvela sxva
( , )d i j    . 
nabiji 1. 
   ( ) min ( ), ( ) ( , ) min ,0 2 2w a w a w s d s a      ; 
   ( ) min ( ), ( ) ( , ) min ,0w b w b w s d s b       ; 
   ( ) min ( ), ( ) ( , ) min ,0w c w c w s d s c       ; 
   ( ) min ( ), ( ) ( , ) min ,0w f w f w s d s f       ; 
min 2 ; 
( ) minw f  ? ara, SeiRebos ( )w a , da 
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nabiji 2. 
   ( ) min ( ), ( ) ( , ) min ,2 1 3w b w b w a d a b      ;  
   ( ) min ( ), ( ) ( , ) min , 2 1 3w c w c w a d a c      ; 
   ( ) min ( ), ( ) ( , ) min ,2w f w f w a d a f       ; 
min 3 ; 
( ) minw f  ? ara, SeiRebos, magaliTad, ( )w c , da 
nabiji 3. 
   ( ) min ( ), ( ) ( , ) min 3,3 3w b w b w c d c b     ; 
   ( ) min ( ), ( ) ( , ) min ,3 2 5w f w f w c d c f      ; 
min 3 ; 
( ) minw f  ? ara, SeiRebos ( )w b  da 
nabiji 4. 
   ( ) min ( ), ( ) ( , ) min 5,3 5w f w f w b d b f     . 
min 5 ; 
( ) minw f  ? ki (is erTia mxolod), procedura damTavrdes 
 min , ( ) 5d s f w f     . 
e.i. kodis Tavisufali manZilia 5dx  . 
2.3 kodTa manZilTa speqtri 
 ramdenime erTnairi Tavisufali manZilis mqone kodidan 
saukeTesos amorCeva xorcieldeba kodis manZilTa speqtris 
mixedviT. ganvixiloT misi gansazRvris algoriTmi. is daiyvaneba 
kodis warmomqmneli funqciis gansazRvris algoriTmze da efuZneba 
n x n zomis momijnaveobis MN matricis gamoyenebas, romlis 
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elementebi warmodgenilni arian formaluri DωNu cvladebis saxiT, 
sadac ω aris grafis rkalis ricxviTi wona, xolo u Sesabamisi 
sainformacio aranulovani simboloTa raodenoba. 
ganvixiloT striqonuli matrica Mi = (mi,1,mi,2,…,mi,n). yoveli 
Semdegi Mi+1 matrica ganisazRveba Semdegnairad: Mi+1 =MiMN. pirvel 
nabijze M1 matricis saxiT aiReba MN–is pirveli striqoni. kodis 
warmomqmneli funqcia T(D,N) Sedgeba {M} veqtorTa pirveli mi,1 
komponentebis erTobliobisgan, e.i. im elementebisgan, romlebic 
miiRebian yvela mocemuli Mi veqtoris MN matricis pirvel svetze 
gamravlebiT.  
imisaTvis, rom gamovricxoT ganxilvidan sawyis kvanZSi 
damTavrebuli gzebi, sakmarisia matricebis yoveli gamravlebis 
operaciis win MN-is pirveli striqoni gavanuloT. Tu gvainteresebs 
manZilTa speqtri romeliRac Dmax(,) mniSvnelobamde, yoveli 
gamravlebis win Mi striqonuli matricidan unda gamoiricxos is 
wevrebi, romelTa Sesabamisi D cvladis xarisxi metia Dmax(,)-ze. 
proceduira mTavrdeba maSin, roca Mi-Si ar rCeba arcerTi 
aranulovani elementi. 
 warmomqneli funqciidan kodis manZilTa speqtris gansazRvris 
wesi moyvanilia [19] – Si. ganvixiloT erTi magaliTi. 
wina paragrafSi ganxiluli (323) xveula kodis momijnaveobis 
matricas aqvs saxe 
2
2
0 0 0
0 0
0 0
0 0
N
D N
D DN
M
D N
D DN
 
 
 
 
 
  
 
aviRoT Dmax(,) = 11 
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nabiji 1.  
M1,1=0; 
M1,2=D
2
N; 
M1,3=0; 
M1,4=0. 
nabiji 2.  
M2,1=0; 
M2,2=0; 
M2,3=D
3
N; 
M2,4=D
3
N
2
. 
nabiji 3.  
M3,1= D
5
N; 
M3,2= D
3
N
2
; 
M3,3= D
4
N
2
; 
M3,4= D
4
N
3
. 
nabiji 4.  
M4,1= D
6
N
2
; 
M4,2= D
4
N
3
; 
M4,3= D
4
N
2
+ D
5
N
3
; 
M4,4= D
4
N
3
+ D
5
N
4
. 
nabiji 5.  
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M5,1= D
6
N
2
+ D
7
N
9
; 
M5,2= D
4
N
3
+ D
5
N
4
; 
M5,3= 2D
5
N
3
+ D
6
N
4
; 
M5,4= 2D
5
N
4
+ D
6
N
5
. 
nabiji 6.  
M6,1= 2D
7
N
3
+ D
8
N
4
; 
M6,2= 2D
5
N
4
+ D
6
N
5
; 
M6,3= D
5
N
3
+ D
6
N
4
+ D
7
N
5
; 
M6,4= D
5
N
4
+ D
6
N
5
+ D
7
N
6 
.
 
nabiji 7.  
M7,1= D
7
N
3
+ D
8
N
4
+ D
9
N
5
; 
M7,2= D
5
N
4
+ D
6
N
5
+ D
7
N
6
; 
M7,3= 3D
6
N
4
+ D
7
N
5
+ D
8
N
6
; 
M7,4= 3D
6
N
5
+ D
7
N
6
+ D
8
N
7. 
nabiji 8.  
M8,1= 3D
8
N
4
+ D
9
N
5
+ D
10
N
6
; 
M8,2= 3D
6
N
5
+ D
7
N
6
+ D
8
N
7
; 
M8,3= D
6
N
4
+ D
7
N
5
+ D
8
N
6
+ D
9
N
7
; 
M8,4= D
6
N
5
+ D
7
N
6
+ D
8
N
7
+ D
9
N
8
.
 
nabiji 9.  
M9,1= D
8
N
4
+ D
9
N
5
+ D
10
N
6
 + D
11
N
7
; 
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M9,2= D
6
N
5
+ D
7
N
6
+ D
8
N
7
 + D
9
N
8
; 
M9,3= 4D
7
N
5
+ D
8
N
6
+ D
9
N
7
+ D
10
N
8
; 
M9,4= 4D
7
N
6
+ D
8
N
7
+ D
9
N
8
+ D
10
N
9
. 
nabiji 10.  
M10,1= 4D
9
N
5
+ D
10
N
6
+ D
11
N
7
; 
M10,2= 4D
7
N
6
+ D
8
N
7
+ D
9
N
8
 + D
10
N
9
; 
M10,3= D
7
N
5
+ D
8
N
6
+ D
9
N
7
+ D
10
N
8
 +D
11
N
9
; 
M10,4= D
7
N
6
+ D
8
N
7
+ D
9
N
8
+ D
10
N
9
 +D
11
N
10
.
 
nabiji 11.  
M11,1= D
9
N
5
+ 10D
10
N
6
+ 15D
11
N
7
; 
M11,2= D
7
N
6
+ 10D
8
N
7
+ 15D
9
N
8
 + 7D
10
N
9
 +D
11
N
10
; 
M11,3= 5D
8
N
6
+ 20D
9
N
7
+ 21D
10
N
8
 +8D
11
N
9
; 
M11,4= 5 D
8
N
7
+ 20D
9
N
8
+ 21D
10
N
9
 +8D
11
N
10
.
 
nabiji 12.  
M12,1=5D
10
N
6
+ 20D
11
N
7
; 
M12,2=5D
8
N
7
+ 20D
9
N
8
 + 21D
10
N
9
 +D
11
N
10
; 
M12,3= D
8
N
6
+ 15D
9
N
7
+ 35D
10
N
8
 +28D
11
N
9
; 
M12,4=  D
8
N
7
+ 15D
9
N
8
+ 35D
10
N
9
 +28D
11
N
10
.
 
nabiji 13.  
M13,1=5D
10
N
6
+ 15D
11
N
7
; 
M13,2=D
8
N
7
+ 15D
9
N
8
 + 35D
10
N
9
 +28D
11
N
10
; 
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M13,3= 6D
9
N
7
+ 35D
10
N
8
 +56D
11
N
9
; 
M13,4= 6D
9
N
8
+ 35D
10
N
9
 +28D
11
N
10
0.
 
nabiji 14.  
M14,1= 6D
11
N
7
; 
M14,2= 6D
9
N
8
 + 35D
10
N
9
 +56D
11
N
10
; 
M14,3= D
9
N
7
+ 21D
10
N
8
 +70D
11
N
9
; 
M14,4= D
9
N
8
+ 21D
10
N
9
 +70D
11
N
10
.
 
nabiji 15.  
M15,1= D
11
N
7
; 
M15,2= D
9
N
8
 + 21D
10
N
9
 +70D
11
N
10
; 
M15,3= 7D
10
N
8
 +56D
11
N
9
; 
M15,4= 7D
10
N
9
 +56D
11
N
10
.  
nabiji 16.  
M16,1= 0; 
M16,2= 7D
10
N
9
 +56D
11
N
10
; 
M16,3= D
10
N
8
 +28D
11
N
9
; 
M16,4= D
10
N
9
 +28D
11
N
10
. 
nabiji 17.  
M17,1= 0; 
M17,2= D
10
N
9
 +28D
11
N
10
; 
M17,3= 8D
11
N
9
; 
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M17,4= 8D
11
N
10
.
 
nabiji 18.  
M18,1= 0; 
M18,2= 8D
11
N
10
; 
M18,3= D
11
N
9
; 
M18,4= D
11
N
10
. 
nabiji 19.  
M19,1= 0; 
M19,2= D
11
N
10
;
 
M19,3= 0; 
M19,4= 0.
 
nabiji 20.  
M20,1= 0; 
M20,2= 0; 
M20,3= 0; 
M20,4= 0.
 
procedura damTavrebulia da kodis warmomqmneli funqcia tolia: 
20
5 6 2 7 3 8 4 9 5 10 6 11 7
,1
1
( , ) 2 4 8 16 32 64i
i
T D N m D N D N D N D N D N D N D N

       
 
sadac dH(,) mocemuli gzebis wonaa, xolo ai am gzebis Sesabamisi 
gadmocemuli aranulovan sainformacio simboloTa saerTo 
raodenoba; moyvanili gamosaxulebidan (323) kodis manZilTa 
speqtrisaTvis gvaqvs: 5-1, 6-4, 7-12, 8-32, 9-80 . . . , sadac pirveli 
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cifri hemingis manZilia, xolo meore mocemuli manZilis mqone 
gzebis Sesabamisi gadacemuli bitebis raodenoba. 
2.4 daskvnebi 
ganxilulia kodebi simbolur-alfabeturi siWarbiT. 
moyvanilia misi aRwera da dadebiTi mxareebi. gadawyvetilia, rom 
saukeTeso kodebi SeirCes kompiuteruli Ziebis meTodiT da am dros 
Tavisufali manZilis gansazRvrisaTvis gamoyenebuli iqnas 
deiqstris algoriTmi. konkretuli kodisaTvis ganxilulia 
algoriTmis muSaobis procedura. gansazRvrulia, rom erTnairi 
Tavisufali manZilis mqone xveula kodebidan saukeTesos SerCeva 
ganxorcieldes misi manZilTa speqtris mixedviT. aRwerilia 
speqtris gansazRvris algoriTmi da moyvanilia sailustracio 
magaliTi. 
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Tavi  I I I 
axali xveula kodebi alfabeturi siWarbiT 
 3.1   lis  metrikis gamoyeneba invariantuli sistemebis asagebad   
 kodirebis TeoriaSi umeteswilad ganixileba SemTxvevebi, 
roca kodur veqtorTa Soris manZilebi ganisazRvreba hemingis 
metrikaSi [20-22]. amasTan erTad iSviaTad, magram mainc gvxvdeba 
sistemebi, romlebic iyeneben e.w. rgolur anu lis metrikas [20, 23, 
24]; cnobilia isic, rom orobiT da samobiT SemTxvevaSi es 
metrikebi identuria anu erTimeores emTxveva [20]. 
bolo periodSi, alfabeturi siWarbis mqone kodebis gamoCena 
[25, 26] aZlierebs interess iseTi sistemebisadmi, romlebic 
warmoadgenen wrfivi araorobiTi da sxvadasxva (maT Soris 
arawrfivi)  kodis koderebis gaerTianebas, kaskads. swored aseTi 
struqturis erTi Tvisebrivi aspeqti ganxilulia winamdebare 
paragrafSi, sadac sabazo kodis saxiT gamoiyeneba wrfivi xveula 
kodi alfabeturi siWarbiT. 
     vsaubrobT ra ama Tu im metrikis Sesaxeb, mxedvelobaSi gvaqvs 
or vi-sa da vj kodur veqtors (sityvas)  Soris d (vivj) manZilis 
gazomvis wesi. cxadia, am dros manZili akmayofilebs sam, qvemoT 
moyvanil, pirobas [27]: 
1. ( , ) 0i jd v v  ;        Tu  = ,  (igiveobis aqsioma); 
2. ( , ) ( , )i j j id v v d v v ,           (simetriis aqsioma);                                       
3. ( , ) ( , ) ( , )i j i c c jd v v d v v d v v  ,   (samkuTxedis aqsioma) 
da kodirebis TeoriaSi is ganisazRvreba, ZiriTadad, rogorc 
aditiuri  zoma 
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1
( , ) ( , )
n
i j ki kj
k
d v v f v v

   
gamosaxulebis Sesabamisad; sadac n koduri sityvis sigrZea, xolo 
vki da vkj Sesabamisad vi da vj  veqtorebis k-uri komponentebi.  am dros 
hemingis metrikisaTvis f(vki,vki)  funqcia,  romelic  gansazRvravs 
komponentTa gansxvavebulobas   
0, ;
( , )
1, ;
 Tu 
 Tu 
ki kj
H ki kj
ki kj
v v
f v v
v v

 

                       (5) 
xolo Q-obiTi kodis SemTxvevaSi lis metrikisaTvis gvaqvs: 
( , ) min{ , }ki kj ki kj ki kjf v v v v Q v v                     (6) 
da rogorc viciT, es metrika identuria hemingis metrikisa Tu Q=2 
da Q=3.  
dasawyisSi, mocemul paragrafSi, ganvixilavT nax. 18-ze 
moyvanil sistemas. 
 
                      nax. 18. araorobiT-orobiTi sistema  
aq   2,    2 da    ; mocemul SemTxvevaSi   -o    gamosasvlelze 
arsebul wrfiv kods ganvixilavT lis metrikaSi, xolo orobiT 
gamosasvlelze arsebul n biti sigrZis sityvebisagan Sedgenil 
kods hemingis metrikaSi. amasTan vTvliT, rom  -o    
gamosasvlelze simboloTa alfabetis zoma da orobiT 
gamosasvlelze koduri sityvebis raodenoba erTnairia. zogadad 
nax. 18-ze moyvanili sistema SeiZleba iyos arawrfivi, rac qmnis 
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mniSvnelovan siZneleebs maTi agebisa da analizis procesSi. cxadia 
es problema garkveulwilad gadaiWreba, Tu sistema iqneba 
invariantuli manZilis mimarT. ganvixiloT aseTi magaliTi: vTqvaT, 
vimyofebiT nulovan veqtorTan da vxedavT aqedan d manZilebiT 
daSorebul v kodur sityvebs. Tu suraTi igive iqneba mocemuli 
kodis nebismieri koduri sityvisTvis, maSin vityviT, rom kodi 
invariantulia manZilis mimarT [21]; e.i. gvaqvs kodi, romlisTvisac 
raodenoba im veqtorebisa, romlebic daSorebulia romeliRac v 
veqtoridan raRac   manZiliT araa damokidebuli am v veqtoris 
SerCevaze. cxadia, yvela wrfivi kodi invariantulia manZilis  
mimarT [21]. 
vTvliT, rom nax. 18-ze warmodgenili e.w. araorobiT-orobiTi 
tipis kodi (an SemdgomSi mis adgilze moyvanili sxva kodic) 
minimum invariantulia manZilis mimarT; maSin,  Tu orobiT 
gamosasvlelze arsebuli koduri sityvebisaTvis hemingis dH 
manZilebi toli aris   -o   i gamosasvlelze arsebul simboloTa 
Sesabamisi f funqciis mniSvnelobebisa, gaerTianebuli kodi iqneba 
invariantuli manZilis mimarT, anu sistema iqneba invariantuli. 
TvalsaCinoebisaTvis ganvixiloT aseTi magaliTi: vTqvaT 
araorobiTi kodis saxiT mocemuli gvaqvs wrfivi, alfabeturi 
siWarbis mqone kodi. vTqvaT  =2 da  =4. cxadia, oTxobiTi koduri 
simboloebis asaxva unda ganxorcieldes orobiTSi garkveuli 
wesiT. vTqvaT ase: 0→00, 1→01, 2→11, 3→10. zemoT moyvanili 
magaliTis Sesabamisad, agreTve (5)-is da (6)-is gaTvaliswinebiT, 
gveqneba nax. 19-ze naCvenebi suraTi, saidanac Cans, rom Tu     
 
 
funqciaSi    komponentebi warmodgenilia wyvili bitebiT da f-Si 
TiTo  -o   i simboloTi, maSin diH=fi e.i. cxadia, rom lis da 
hemingis metrikebi identuria, e.i. invariantulia mTliani sistema 
hemingis manZilis mimarT.  
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         nax. 19. sistemis invariantobis interpretacia 
zogadad, analizisas, orive kodis invariantobis gamo  -is 
gamoTvlis dros erT-erT komponentad SegviZlia avirCioT 
nulovani simbolo, xolo dH-is gamoTvlisas nulovani koduri 
sityva. 
       advili  SesamCnevia, rom wrfivi  -o   i kodis SemTxvevaSi  
nebismieri 
 
 
0, / 2 ,
0, ( 1) / 2 ,
     roca  luwia
  roca  kentia
i
Q Q
f
Q Q




 
Cawera 0, / 2Q  0,( 1) / 2Q   gulisxmobs ricxvTa yvela mTel 
mniSvnelobas  -dan   2-mde   -dan (Q-1)/2-mde); amasTan, Tu f -is 
erTobliobidan erTnairi f -ebis raodenobas aRvniSnavT |  |-iT, 
maSin, Tu   luwia 
1, / 2
2,
 Q Tu =0 da =
   yvela sxva SemTxvevaSi
L L
e
f f Q
f

 

                             
xolo Tu   kentia 
1,
2,
 Q Tu =0
   yvela sxva SemTxvevaSi
L
e
f
f

 

                                       
magaliTad, Tu   =6,  da f -is mniSvnelobebs davalagebT 6-
obiTi koduri simboloebis zrdis Sesabamisad,  gveqneba  
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mimdevroba  f =0, 1, 2, 3, 2, 1, romelSic  0-iani da 3-iani gvxvdeba 
TiTojer,  1-iani da 2-iani  or-orjer; Tu  =7,  maSin f =0, 1, 2, 3, 3, 
2, 1, romelSic 0-iani gvxvdeba erTxel, xolo yvela danarCeni 
simbolo or-orjer. cxadia, | |=Q    SemdgomSi hemingis manZilis 
mimdevrobebi aRniSnuli gveqneba dH-iT; nax. 19-ze moyvanili 
magaliTisaTvis dH=  . 
  Q-obiTi simboloebis asaxvisas orobiTebSi, bunebrivia, 
orobiTi  simboloebis blokis sigrZisaTvis unda kmayofilebodes 
piroba: 
2ceil(log )n Q  
sadac,      (x) aRniSnavs x  ricxvis udides mTelamde damrgvalebas. 
       orobiTi kodis invariantobis  gamo, sistema invariantuli 
iqneba maSinac, Tu   
{perms( )},Hd f                           (7) 
rac naklebad mkacri pirobaa      )-Tan SedarebiT. (7)-dan cxadia, 
rom sistema invariantuli iqneba sxva asaxvis drosac (magaliTad, 
0→00, 1→01, 2→10, 3→11 da a.S.). (7)-Si  perms  )  aRniSnavs  -is wevrebis 
yvela SesaZlo gadanacvlebas. 
 qvemoT, nax. 20 a-ze naCvenebia (313) xveula kodis koderi; xolo 
iqve nax. 20 b-ze misi mdgomareobaTa diagrama 0→00, 1→01, 2→10, 3→11 
asaxviT. mocemul diagramaze frCxilebSi moyvanilia orobiTi 
simboloebisagan Sedgenili n=2 sigrZis blokebi, romlebic 
gamoiyenebian oTxobiTi simboloebis orobiTSi asaxvisaTvis.   
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   nax. 20. xveula (313) kodis koderi da misi mdgomareobaTa diagrama 
(313) kodi agebulia GF(4)-ze, Sesasvleli simboloebi ki 
orobiTia (q=2). aq kodirebis siCqare  =1 2, xolo Tavisufali 
manZili hemingis mixedviT   =5. diagramidan advili SesamCnevia, rom 
moyvanili sistema identuria kargad cnobili orobiTi (7,5) kodisa 
[22,28]. cxadia moyvanili sistema invariantulia hemingis manZilis 
mimarT, romelic gamoiTvleba orbitiani blokebisaTvis. 
(7)-is ganzogadoebiT, sistema invariantuli iqneba nebismieri A 
metrikisaTvis, Tu  
                                                   ) ,  a>0;                                            (8)  
 cxadia, aq     SegviZlia SevcvaloT evklides metrikis 
Sesabamisi d2E funqciiT, sadac is warmoadgens  evkliduri manZilis 
kvadratis mniSvnelobas Sesabamis elementarul signalebs Soris da 
(8)  pirobis Sesrulebis SemTxvevaSi gveqneba evkliduri manZilis 
mimarT invariantuli signal-koduri sistema. magaliTad, Tu aviRebT 
GF(3)-ze mocemul xveula kods alfabeturi siWarbiT da samobiT  
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fazamodulirebul (3PSK) simpleqsur signals maTi kaskadirebiT 
miviRebT  evkliduri manZilis mimarT  invariantul signal-kodur 
sistemas.  umartivesi xveula kodisaTvis aseTi magaliTi naCvenebia 
nax. 21-ze,  sadac  moyvanilia  (11)  samobiTi  xveula  kodi da misi 
mdgomareobaTa diagrama, romelzedac frCxilebSi mocemuli  
ricxvebi Seesabameba evkliduri manZilis kvadratebs  elementarul  
signalebs Soris. aq                
 
nax. 21. samobiT velze mocemuli (11) xveula kodis koderi 
nax. 21 b-ze  moyvanili  diagramidan  Cans, rom signal-koduri 
sistemis  normirebuli (2Eb –iT, sadac  Eb    erT bitiani simbolos 
Sesabamisi  signalis energiaa) Tavisufali evkliduri manZilis 
kvadrati tolia    
  3, xolo kodirebis siCqare R=0,63.     
 ganxilulia lis metrikis gamoyenebiT manZilis mimarT 
invariantuli sistemebis ageba. marTalia, naSromis dasawyisSi, is 
ganixileba araorobiT-orobiT sistemis magaliTze an ufro 
konkretulad li-hemingis metrikisaTvis, SemdgomSi Sedegi 
gazogadoebulia li-sa da evklides metrikisaTvis. meTodi 
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sakmarisad zogadia (martivic) da misi gamoyeneba SeiZleba rogorc 
hemingis manZilis mimarT invariantuli xveula kodebis asagebad, 
aseve im sxva msgavsi konstruqciebisaTvisac [29-31], sadac 
gamoiyenebian xveula kodebi da signalebi; bolos moyvanili 
magaliTic amas adasturebs da Tu movaxdenT zemoT moyvanilis 
reziumirebas SegviZlia zogadad vTqvaT: QQ-obiTi xveula kodi lis 
metrikiT,               ) , a>0 SemTxvevaSi warmoqmnis nebismieri   
metrikisaTvis distanciurad invariantul sistemas.N                                                                        
3.2 kodebi rgolze da galuas velze 
         Cvens mier, zemod, xSirad iyo naxsenebi galuas veli (GF)  da 
masTan dakavSirebuli kodebi. vinaidan momavalSi Cven ganvixilavT 
kodebs oTxobiT velze (GF(4)) da eqvsobiT rgolze (R(6)), amitom 
aucilebelia am algebruli struqturebis ganxilva. 
        vTqvaT, q mTeli dadebiTi ricxvia. {0, 1, 2, ..., q-1} simravleSi 
SemoviRoT Sekrebis da gamravlebis operaciebi q-s moduliT, e.i. am 
simravlis nebismieri a da b elementisaTvis miviRoT 
a+b=Rq[a+b] da a·b= Rq[a·b], 
sadac, 3.1 qveTavis Tanaxmad, Rq[a+b] da Rq[a·b], aris Sesabamisad (a+b)-s 
da (a·b)-s q-ze gayofisas miRebuli naSTebi. cxadia, rom aRniSnuli 
simravle aseTnairad gansazRvrul operaciebTan erTad qmnis 
komutatiur rgols. aseT rgols ewodeba mTel ricxvTa rgoli (an 
naSTTa rgoli) q-s moduliT da aRiniSneba R(q) simboloTi.    
aRvniSnoT, rom samarTliania Tanafardobebi: 
R [ + ]=R R [ ]+R [ ]a b a bq q q q     da R [ ] R R [ ] R [ ] .a b = a bq q q q 
 
   
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Teorema 1. imisaTvis, rom mTel ricxvTa R(q) rgoli   iyos veli 
(e.i. galuas GF(q) veli), aucilebelia da sakmarisi, rom q  iyos 
martivi ricxvi. 
    qvemoT moyvanilia mTel ricxvTa R(q) rgolSi da martivi q  
ricxvis SemTxvevaSi Sesabamis galuas GF(q) velSi elementebis 
Sekrebis da gamravlebis cxrilebi. 
 cxrili 3. R(2), GF(2)                                          cxrili 4.  R(3),  GF(3)  
+ 0 1  . 0 1   + 0 1 2  . 0 1 2 
0 
1 
0 1 
1 0 
 0 
1 
0 0  
0 1  
 0  
1 
0 1 2 
1 2 0 
 0 
1 
0 0 0  
0 1 2 
        2 2 0 1  2 0 2 1 
 
cxrili 5.   R(4)                                                cxrili 6.  R(5), GF(5) 
+ 0 1 2 3   . 0 1 2 3             + 0 1 2 3 4  . 0 1 2 3 4 
0 
1 
2 
3 
0 1 2 3 
1 2 3 0 
2 3 0 1 
3 0 1 2 
 0 
1   
2 
3 
0 0 0 0 
0 1 2 3 
0 2 0 2 
0 3 2 1 
       0 
1 
2 
3 
0 1 2 3 4 
1 2 3 4 0 
2 3 4 0 1 
3 4 0 1 2 
 0 
1 
2 
3 
0 0 0 0 0 
0 1 2 3 4 
0 2 4 1 3 
0 3 1 4 2 
      4 4 0 1 2 3  4 0 4 3 2 1 
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cxrili 5.  R(6)                                       cxrili 6.  R(7), GF(7) 
+ 0 1 2 3 4 5  . 0 1 2 3 4 5  + 0 1 2 3 4 5 6  . 0 1 2 3 4 5 6 
0 
1 
2 
3 
4 
5 
0 1 2 3 4 5 
1 2 3 4 5 0 
2 3 4 5 0 1 
3 4 5 0 1 2 
4 5 0 1 2 3 
5 0 1 2 3 4 
 0 
1 
2 
3 
4 
5 
0 0 0 0 0 0 
0 1 2 3 4 5 
0 2 4 0 2 4 
0 3 0 3 0 3 
0 4 2 0 4 2 
0 5 4 3 2 1 
 0 
1 
2 
3 
4 
5 
0 1 2 3 4 5 6 
1 2 3 4 5 6 0 
2 3 4 5 6 0 1 
3 4 5 6 0 1 2 
4 5 6 0 1 2 3 
5 6 0 1 2 3 4 
 0 
1 
2 
3 
4 
5 
0 0 0 0 0 0 0 
0 1 2 3 4 5 6 
0 2 4 6 1 3 5 
0 3 6 2 5 1 4 
0 4 1 5 2 6 3 
0 5 3 1 6 4 2 
      6 6 0 1 2 3 4 5  6 0 6 5 4 3 2 1 
 
cxrili 7.    R(8) 
+ 0 1 2 3 4 5 6 7  . 0 1 2 3 4 5 6 7 
0 
1 
2 
3 
4 
5 
6 
7 
0 1 2 3 4 5 6 7 
1 2 3 4 5 6 7 0 
2 3 4 5 6 7 0 1 
3 4 5 6 7 0 1 2 
4 5 6 7 0 1 2 3 
5 6 7 0 1 2 3 4 
6 7 0 1 2 3 4 5 
7 0 1 2 3 4 5 6 
 0 
1 
2 
3 
4 
5 
6 
7 
0 0 0 0 0 0 0 0 
0 1 2 3 4 5 6 7 
0 2 4 6 0 2 4 6 
0 3 6 1 4 7 2 5 
0 4 0 4 0 4 0 4 
0 5 2 7 4 1 6 3 
0 6 4 2 0 6 4 2 
0 7 6 5 4 3 2 1 
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cxrili 8.   R(9) 
+ 0 1 2 3 4 5 6 7 8  . 0 1 2 3 4 5 6 7 8 
0  
1 
2 
3 
4 
5 
6 
7 
0 1 2 3 4 5 6 7 8 
1 2 3 4 5 6 7 8 0 
2 3 4 5 6 7 8 0 1 
3 4 5 6 7 8 0 1 2  
4 5 6 7 8 0 1 2 3 
5 6 7 8 0 1 2 3 4 
6 7 8 0 1 2 3 4 5 
7 8 0 1 2 3 4 5 6 
 0 
1 
2 
3 
4 
5 
6 
7 
0 0 0 0 0 0 0 0 0 
0 1 2 3 4 5 6 7 8 
0 2 4 6 8 1 3 5 7 
0 3 6 0 3 6 0 3 6 
0 4 8 3 7 2 6 1 5 
0 5 1 6 2 7 3 8 4 
0 6 3 0 6 3 0 6 3 
0 7 5 3 1 8 6 4 2 
8 8 0 1 2 3 4 5 6 7  8 0 8 7 6 5 4 3 2 1 
 
vTqvaT, F-nebismieri velia. Tu mravalwevris yvela 
koeficienti ekuTvnis am vels, maSin aseT mravalwevrs ewodeba F 
velze mocemuli mravalwevri.  am paragrafSi Cven ZiriTadad 
ganvixilavT   galuas GF(q) velze mocemul mravalwevrebs.  
SevniSnoT, rom TiTqmis yvelaferi is, rac wina paragrafSi iTqva 
mTel ricxvTa rgolze mocemul mravalwevrebze, ZalaSi rCeba  
GF(q) velze mocemul mravalwevrebisTvisac. iseve, rogorc mTel 
ricxvTa rgolze mocemul mravalwevrebis SemTxvevaSi, GF(q) velze 
mocemul mravalwevrTa simravlec qmnis rgols. Cven aq ZiriTadad 
ganvixilavT SemTxvevas, roca am rgolSi rogorc Sekrebis, aseve 
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gamravlebis operaciebi xorcieldeba garkveuli p(x) mravalwevris 
moduliT. 
debuleba 1. vTqvaT,  p(x)  aris GF(q)   velze mocemuli aranulovani 
xarisxis normirebuli mravalwevri.  maSin GF(q)   velze mocemul 
mravalwevrTa {R(x)} rgoli, romelSic gansazRvrulia Sekrebis da 
gamravlebis operaciebi p(x) mravalwevris moduliT, Sedgeba am 
velze mocemul yvela iseTi T(x) mravalwevrisagan, romelTa xarisxi 
naklebia p(x) mravalwevris xarisxze, e.i. {R } deg( deg .T(x) (x) T(x) p(x)    
Teorema 2. normirebuli p(x) mravalwevriT warmoqmnili 
mravalwevrTa rgoli iqneba veli maSin da mxolod maSin, roca p(x) 
mravalwevri aris martivi.   
Tu am Teoremas SevadarebT msgavs Teoremas mTel ricxvTa 
rgolis SemTxvevaSi, davinaxavT srul analogias mTel ricxvTa 
rgolebsa da  mravalwevrTa rgolebs Soris. 
zemoT moyvanili debuleba 1 da Teorema 2-is gamoyenebiT 
SegviZlia CamovayaliboT galuas velis agebis procedura 
mravalwevrTa rgolze dafuZnebiT: 
vTqvaT, q martivi ricxvia da pn(x)-GF(q) velze mocemuli 
n xarisxis (n≥1) normirebuli martivi mravalwevri. maSin amave 
velze mocemuli yvela iseTi mravalwevri, romlis xarisxi 
naklebia n-ze, qmnis GF(qn) galuas vels qn elementiT. 
magaliTi.  visargebloT zemoTmoyvaniliT da avagoT   GF(9) galuas 
veli. aq q=3 da n=2 (9=32). amis Sesabamisad SevarCioT meore xarisxis 
martivi normirebuli mravalwevri  GF(3) velze. aseTad 
gamogvadgeba, magaliTad,  mravalwevri p2(x)=x
2
+2x+2 amovweroT orze 
naklebi xarisxis yvela SesaZlo mravalwevri GF(3) velze: 
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p1(x) = 0,   p2(x) = 1,   p3(x) = x, p4(x) = x +1,  p5(x) = 2x +1, p6(x) = 2,  p7(x) = =2x, p8(x) 
= 2x +2,  p9(x) = x +2. 
mocemuli mravalwevrebis Sekreba da gamravleba 
ganvaxorcieloT p2(x)=x
2
+2x+2 mravalwevris moduliT. aseTnairad 
gansazRvrul operaciebTan erTad am cxra mravalwevrisagan 
Sedgenili simravle qmnis GF(9) vels (ix. cxrili 9 da cxrili 10). 
am cxrilebidan gamomdinareobs, rom, magaliTad,   2x+1    
elementis mopirdapire elementia x+2, xolo amave elementis 
Sebrunebuli elementia 2x. 
cxrili 9. Sekrebis operaciebi mravalwevrTa GF(9)-isaTvis 
+ 0 1 x x+1 2x+1 2 2x 2x+2 x+2 
0 
1 
x 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
0 
1 
x 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
1 
2 
x+1 
x+2 
2x+2 
0 
2x+1 
2x 
x 
x 
x+1 
2x 
2x+1 
1 
x+2 
0 
2 
2x+2 
x+1 
x+2 
2x+1 
2x+2 
2 
x 
1 
0 
2x 
2x+1 
2x+2 
1 
2 
x+2 
2x 
x+1 
x 
0 
2 
0 
x+2 
x  
2x 
1 
2x+2 
2x+1 
x+1 
2x 
2x+1 
0 
1 
x+1 
2x+2 
x 
x+2 
2 
2x+2 
2x 
2 
0 
x 
2x+1 
x+2 
x+1 
1 
x+2 
x 
2x+2 
2x 
0 
x+1 
2 
1 
2x+1 
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cxrili 10. gamravlebis operaciebi mravalwevrTa GGF(9)-isTvis 
. 0 1 x x+1 2x+1 2 2x 2x+2 x+2 
0 
1 
x 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
x 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
0 
x 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
1 
0 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
1 
x 
0 
2x+1 
2 
2x 
2x+2 
x+2 
1 
x 
x+1 
0 
2 
2x 
2x+2 
x+2 
1 
x 
x+1 
2x+1 
0 
2x 
2x+2 
x+2 
1 
x 
x+1 
2x+1 
2 
0 
2x+2 
x+2 
1 
x 
x+1 
2x+1 
2 
2x 
0 
x+2 
1 
x 
x+1 
2x+1 
2 
2x 
2x+2 
 
GF(9) velis elementebi Cven SegviZlia warmovadginoT garda 
mravalwevrebisa sxva saxiTac. alternatiuli variantebi asaxulia 
cxril 11-Si. 
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cxrili 11. GF(9) -is elementebis SesaZlo warmodgenebi 
warmodgena 
xarisxiT 
warmodgena 
mravalwevriT 
3-obiTi 
warmodgena 
warmodgena 
mTeli 
ricxvebiT 
0 
x
0 
x
1 
x
2
 
x
3
 
x
4
 
x
5
 
x
6
 
x
7
 
0 
1 
x 
x+1 
2x+1 
2 
2x 
2x+2 
x+2 
00 
01 
10 
11 
21 
02 
20 
22 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
 
aRniSnuli cxrili saWiroebs axsnas: 
1. cxrili 10-is Tanaxmad, velis yvela elementi, garda nulovanisa, 
warmoadgens amave velis x elementis xarisxs. swored es udevs 
safuZvlad velis elementebis warmodgenas x elementis xarisxebis 
saSualebiT; 
2. yoveli mravalwevri calsaxad ganisazRvreba Tavisi 
koeficientebiT, swored es koeficientebi monawileoben 
mravalwevrebis warmodgenaSi samobiTi ricxvebis saSualebiT; 
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3. GF(9) sasruli velis yovel elements calsaxad SegviZlia 
SevusabamoT garkveuli mTeli ricxvi {0,1,2,3,4,5,6,7,8} simravlidan da 
es yvelaferi asaxulia cxrili  11-is meoTxe svetSi. 
GF(9) velis elementebis Sekrebis da gamravlebis operaciebi 
im SemTxvevaSi, roca es elementebi warmodgenilia mTeli ricxvebis 
saSualebiT, moyvanilia cxril 12-Si: 
cxrili 12.  algebruli  operaciebi mTel ricxvTa GF(9)-Tvis 
+ 0  1  2  3  4  5  6  7  8  . 0  1  2  3  4  5  6  7  8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
0  1  2  3  4  5  6  7  8 
1  5  3  8  7  0  4  6  2 
2  3  6  4  1  8  0  5  7 
3  8  4  7  5  2  1  0  6 
4  7  1  5  8  6  3  2  0 
5  0  8  2  6  1  7  4  3 
6  4  0  1  3  7  2  8  5 
7  6  5  0  2  4  8  3  1 
8  2  7  6  0  3  5  1  4 
 0 
1 
2 
3 
4 
5 
6 
7 
8 
0  0  0  0  0  0  0  0  0 
0  1  2  3  4  5  6  7  8 
0  2  3  4  5  6  7  8  1 
0  3  4  5  6  7  8  1  2 
0  4  5  6  7  8  1  2  3 
0  5  6  7  8  1  2  3  4 
0  6  7  8  1  2  3  4  5 
0  7  8  1  2  3  4  5  6 
0  8  1  2  3  4  5  6  7 
 
gansazRvreba.  GF(q) velis elements ewodeba primitiuli elementi, 
Tu am velis nebismieri aranulovani elementi warmoadgens am 
elementis xarisxs. 
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mtkicdeba, rom yovel galuas velSi arsebobs primitiuli 
elementi. 
magaliTi. GF(5) velis primitiuli elementia 2. 
marTlac, 1=24, 2=21, 3=23, 4=22, e.i GF(5) velis yvela aranulovani 
elementi warmoadgens  2-is xarisxs. 
magaliTi.  GF(9) velis primitiuli elementia 2, radgan  am velSi 
(ix. cxrili 12)  
21=2, 22=3, 23=4, 24=5, 25=6, 26=7, 27=8, 28=1, 
e.i. 2-is axarisxebiT miiReba GF(9)={0,1,2,3,4,5,6,7,8} velis yvela 
aranulovani elementi. 
cxadia, rom nebismier sasrul velSi arsebobs elementebis 
minimaluri raodenobis mqone qveveli. am raodenobas ewodeba 
mocemuli velis maxasiaTebeli. nebismieri sasruli velis 
maxasiaTebeli martivi ricxvia. galuas GF(pn) velis maxasiaTebeli 
aris p. 
F vels ewodeba F0   velis gafarToeba, Tu F0 aris F velis 
qveveli 
0(F F) . galuas velis agebis zemoTmoyvanili proceduris 
gaTvaliswinebiT  SeiZleba iTqvas, rom GF(q) velze mocemuli 
martivi p(x) mravalwevris moduliT warmoqmnili mravalwevrTa veli 
warmoadgens GF(q) velis gafarToebas. Tu am gafarToebul velSi x 
mravalwevri, ganxiluli rogorc velis elementi, primitiulia, 
maSin Sesabamis martiv p(x) mravalwevrs ewodeba primitiuli 
mravalwevri.  
nebismier GF(q) velisaTvis arsebobs erTi mainc primitiuli 
mravalwevri. magaliTad, rogorc Cven ukve vaCveneT, GF(3) velis 
SemTxvevaSi p(x)=x2+2x+2 mravalwevri primitiulia, radgan mis 
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safuZvelze agebuli am velis gafarToebis nebismieri mravalwevri 
warmoadgens x elementis xarisxs (ix. cxrili 11).   
primitiuli mravalwevris gamoyeneba saSualebas gvaZlevs 
SedarebiT martivad SevadginoT gamravlebis cxrilebi mocemuli 
velisaTvis. 
magaliTi. SevadginoT algebruli operaciebis cxrilebi  GF(4) 
velisaTvis orobiT velze mocemuli p(x)=x2+x+1     primitiuli 
mravalwevris gamoyenebiT.  
cxrili 13. primitiuli elementis gamoyenebiT Sedgenili algebruli 
operaciebis cxrili GF(4)-Tvis 
+ 0        x0        x1        x2  . 0        x0        x1        x2 
0 
 
x
0 
 
x
1 
 
x
2 
0        1         x         x+1 
 
1        0         x+1     0 
 
x         x+1    0         1 
 
x+1      x       1          0     
 0 
 
x
0 
 
x
1 
 
   x
2 
0        0         0          0 
 
0        1         x          x+1 
 
0        x         x+1     1 
 
0        x+1     1          x          
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cxrili 14. GF(4)-is elementebis SesaZlo warmodgena 
warmodgena 
primitiuli 
elementis 
xarisxiT 
  warmodgena 
mravalwevriT 
    orobiTi 
warmodgena 
  warmodgena 
mTeli ricxvebiT 
0 
x
0 
x
1 
x
2 
0 
1 
x 
x+1 
00 
01 
10 
11 
0 
1 
2 
3 
 
Tu visargeblebT 13 da 14 cxrilebiT, mTeli ricxvebisaTvis 
gveqneba: 
cxrili 15. algebruli operaciebi mTel ricxvTa GF(4)-Tvis 
+ 0        1        2        3  . 0        1        2        3 
0 
 
1
 
 
2
 
 
3 
0        1       2        3 
 
1        0       3        2 
 
2        3       0        1 
 
3        2       1        0     
 0 
 
1
 
 
2
 
 
    3 
0        0        0         0 
 
0        1        2        3 
     
0        2        3        1 
 
0        3        1        2 
78 
 
qvemoT moyvanilia msgavsi cxrilebi GF(8) velisaTvis, Sedgenili 
primitiuli p(x)=x3+x+1 mravalwevris gamoyenebiT. 
cxrili 16. GF(8)-is elementebis SesaZlo warmodgenebi 
warmodgena 
primitiuli 
elementis 
xarisxiT 
   warmodgena 
mravalwevriT 
    orobiTi 
warmodgena 
warmodgena        
mTeli 
ricxvebiT 
0 
x
0 
x
1 
x
2
 
x
3
 
x
4
 
x
5
 
x
6
 
0 
1 
x 
x
2
 
x+1 
x
2
+x 
x
2
+x+1 
x
2
+1 
000 
001 
010 
100 
011 
110 
111 
101 
0 
1 
2 
3 
4 
5 
6 
7 
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cxrili 17.  Sekrebis operaciebi mravalwevrTa gamoyenebiT GF(8)-Tvis 
+ 0 1   x
 
x
2 
x+1 x
2
+x x
2
+x+1 x
2
+1 
0 
 
1 
 
x 
 
x
2 
 
x+1 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
0 
 
1 
 
x 
 
x
2 
 
x+1 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
1 
 
0 
 
x+1 
 
x
2
+1 
 
x 
 
x
2
+x+1 
 
x
2
+x 
 
x
2
 
x 
 
x+1 
 
0 
 
x+ x
2
 
 
1 
 
x
2 
 
x
2
+1 
 
x
2
+x+1 
x
2 
 
 x
2
+1 
 
x
2
+x 
 
0 
 
x
2
+x+1 
 
x 
 
x+1 
 
1 
x+1 
 
x 
 
1 
 
x
2
+x+1 
 
0 
 
x
2
+1 
 
x
2 
 
x
2
+x 
x
2
+x 
 
x
2
+x+1 
 
x
2 
 
x 
 
x
2
+1 
 
0 
 
1 
 
x+1 
x
2
+x+1 
 
x
2
+x 
 
x
2
+1 
 
x+1 
 
x
2 
 
1 
 
0 
 
x 
x
2
+1 
 
x
2 
 
x
2
+x+1 
 
1 
 
x
2
+x 
 
x+1 
 
x 
 
0 
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cxrili 18.  gamravlebis operaciebi mravalwevrTa gamoyenebiT GF(8)-Tvis 
. 0 1   x x2 x+1 x2+x x2+x+1 x2+1 
0 
 
1 
 
x 
 
x
2 
 
x+1 
 
x
2
+x 
  
x
2
+x+1 
 
x
2
+1 
0 
 
0 
 
0 
 
0
 
 
0 
 
0 
 
0 
 
0 
0 
 
1 
 
x 
 
x
2
 
 
x+1 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
0 
 
x 
 
x
2
 
 
x+1 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
 
1 
0
 
 
x
2
 
 
x+1 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
 
1 
 
x 
0 
 
x+1
 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
 
1
 
 
x 
 
x
2 
0 
 
x
2
+x 
 
x
2
+x+1 
 
x
2
+1 
 
1 
 
x 
 
x
2 
 
x+1 
0 
 
x
2
+x+1 
 
x
2
+1 
 
1 
 
x
 
 
x
2 
 
x+1 
 
x
2
+x 
0 
 
x
2
+1 
 
1 
 
x 
 
x
2 
 
x+1 
 
x
2+
x 
 
x
2
+x+1 
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cxrili 19. algebruli operaciebi mTel ricxvTa GF(8)-Tvis 
+ 0  1  2  3  4  5  6  7   . 0  1  2  3  4  5  6  7   
0 
1 
2 
3 
4 
5 
6 
7 
0  1  2  3  4  5  6  7   
1  0  4  7  2  6  5  3   
2  4  0  5  1  3  7  6   
3  7  5  0  6  2  4  1   
4  2  1  6  0  7  3  5   
5  6  3  2  7  0  1  4   
6  5  7  4  3  1  0  2   
7  3  6  1  5  4  2  0  
0 
1 
2 
3 
4 
5 
6 
7 
0  0  0  0  0  0  0  0   
0  1  2  3  4  5  6  7   
0  2  3  4  5  6  7  1 
0  3  4  5  6  7  1  2   
0  4  5  6  7  1  2  3 
0  5  6  7  1  2  3  4  
0  6  7  1  2  3  4  5 
0  7  1  2  3  4  5  6 
 
rogorc zemoT moyvanilidan gamomdinareobs, mravalwevrTa 
rgolze dafuZnebuli galuas velis asagebad unda gvqondes 
Sesabamisi martivi an, rac ukeTesia, primitiuli mravalwevrebi. 
zogierTi konkretuli primitiuli mravalwevris magaliTi 
moyvanilia cxril 20-Si. 
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cxrili 20. zogierTi primitiuli mravalwevri 
GF(2) GF(3) GF(5) GF(7) 
x
2
+x+1 
x
3
+x+1 
x
4
+x+1 
 x
5
+x
2
+1 
x
6
+x+1 
 x
7
+x
3
+1 
x
2
+x+2 
  x
3
+2x+1 
x
4
+x+2 
  x
5
+2x+1 
x
6
+x+2 
x
2
+x+2 
 x
3
+3x+2 
       x
4
+x
2
+2x+2 
 x
5
+4x+2 
 
x
2
+x+3 
 x
3
+3x+2 
       x
4
+x
2
+3x+5 
 
 
am Tavis bolos moviyvanoT sasrul velebTan dakavSirebuli 
ramdenime mniSvnelovani winadadeba: 
_ nebismieri sasruli velis elementebis raodenoba martivi 
ricxvis xarisxis tolia; 
_ nebismieri martivi p ricxvisaTvis da nebismieri naturaluri m 
ricxvisaTvis arsebobs veli pm elementiT; 
_ Tu ori sasruli velis elementebis raodenoba erTmaneTis 
tolia, maSin es ori veli izomorfulia; 
_ GF(pm) velis nebismieri elementi warmoadgens 
mpx x  mravalwevris 
fesvs.  
 damatebiTi masala ixileT [32-38]-Si. 
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3.3   axali  alfabeturi  siWarbis  mqone  kodebi 
      aq da momavalSi, Cvens mier moyvanil gadacemis sistemebSi 
garemo, romelSic  vrceldeba garkveuli formiT warmodgenili  
mimdevroba, SeiZleba iyos meqanikuri, eleqtruli, 
eleqtromagnituri da a.S.; xolo erT-erTi arxis saxiT  ganixileba  
modeli,  romelic naCvenebia nax. 22-ze.  aq igulisxmeba, rom 
sxvadasxva simboloTa gadacemisas adgili aqvs damoukidebel 
Secdomebs. esaa e.w. q-obiTi  simetriuli  arxi  mexsierebis gareSe, 
romelSic  simbolos   arasworad  miRebis albaToba  Pe =(1–P)/(q–1), 
sadac P aris simbolos sworad  miRebis  albaToba.  vinaidan Cven 
ganvixilavT orobiT kodebs, amitom axali xveula kodebi agebuli 
iqnebian orobiTi simetriuli arxisaTvis (q=2); 
.
.
.
.
.
.
.
.
.
.
.
.
0
1
2
q-1
0
1
2
q-1
q-obiTi simboloebi
arxis Sesasvlelze
q-obiTi simboloebi
arxis gamosasvlelze
P
P
P
P
P
e
P
P
P
P
P
P
P
P
P
P
P
e
e
e
e
e
e
e
e
e
e
e
 
       nax. 22.     q - obiTi simetriuli arxis modeli 
aqve iqneba naCvenebi, rom es kodebi  optimalurebi (manZliTa 
mixedviT) iqnebian orobiTi da oTxobiTi fazamodulirebuli  
signalebisaTvis (nax. 23 a,b);   xveula  kodebi samobiTi 
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gamosasvleliT agebuli iqneba samobiTi  simpleqsuri 
fazamodulirebuli signalebisaTvis (nax. 23 g). aq arxebis saxiT 
ganixilebian arxebi TeTri gausis xmauriT, romelTac aqvT 
nulovani dispersia da NN0  simZlavris  speqtraluri  simkvrive.   
TiToeuli veqtoris sigrZe nax. 23-ze tolia √    , sadac    
signalis energiaa.  
 
. .
a gb
.
0180 0180
90
270
0
120
240
o
o
o
o
o
o
o
oo
 
nax. 23. orobiTi (a), oTxobiTi (b) da samobiTi (g) fazamoduli-     
rebuli signalebi 
     3.1  paragrafsa da [39]-Si moyvanili masalis Sesabamisad axali 
xveula kodebi iqnebian manZilis mimarT invariantulebi. 2.2 
paragrafSi moyvanili algoriTmisa da mis Sesabamisad Sedgenili 
programis (ix. danarTi 1) gamoyenebiT napovni iqna axali, manZilis 
mimarT invariantuli xveula kodebi, romlebic moyvanili arian 21 
da 22 cxrilebSi. aq isini warmodgenili arian TavianTi manZilis 
speqtrebiT (ix. paragrafi 2.3), sadac d  hemingis manZilia (e. i. d= dH  ), 
d 
2    aris evkliduri manZilis kvadrati,  a   mocemuli  manZilis  (d  
an d 2 ) mqone gzebis Sesabamisi gadacemuli bitebis raodenoba,   L  
iarusebis is raodenobaa kodur gisosze, sadac manZilTa speqtrSi 
gvaqvs   max (d)  an max (d 2) . 
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cxrili 21.  xveula kodebi orobiTi SesasvleliTa da orobiTi 
gamosasvleliT 
 
            3 1 
          L=21 
   3 1 3 
   L=46 
  3 3 1 3 
   L=49 
 3 2 1 1 3 
   L=68 
 3 1 3 1 1 3 
     L=80 
 
di ai di ai di ai di ai di ai 
 
3 1 5 1 6 2 7 4 8 4 
4 2 6 4 7 7 8 12 9 11 
5 3 7 12 8 18 9 20 10 36 
6 4 8 32 9 49 10 72 11 83 
7 5 9 80 10 130 11 225 12 250 
8 6 10 192 11 333 12 500 13 630 
9 7 11 448 12 836 13 1324 14 1776 
10 8 12 1024 13 2069 14 3680 15 4531 
11 9 13 2304 14 5060 15 8967 16 11982 
12 10 14 5120 15 12255 16 22270 17 30474 
13 11 15 11264 16 29444 17 57403 18 78492 
14 12 16 24576 17 70267 18 142234 19 198907 
15 13 17 53248 18 166726 19 348830 20 504730 
16 14 18 114688 19 393635 20 867106 21 1270141 
17 15 19 245760 20 925334 21 2134239 22 3190906 
18 16 20 524288 21 2166925 22 5205290 23 7978154 
19 17 21 1114112 22 5057286 23 12724352 24 19903010 
20 18 22 2359296 23 11767305 24 31022962 25 49491586 
21 19 23 4980736 24 27305864 25 75250693 26 122799106 
22 20 24 10485760 25 63207473 26 182320864 27 303950322 
23 21 25 22020096 26 145986568 27 441125164 28 750869456 
 
   3 2 0 3 3 1 3 
        L=90 
 
3 1 3 1 2 2 1 3 
      L=93 
 
3 1 3 3 2 1 0 1 3 
     L=102 
 
3 2 2 0 1 3 2 1 2 3 
      L=110 
 
3 1 3 3 0 3 2 2 0 1 3 
       L=112 
 
di ai di ai di ai di ai di ai 
 
10 36 10 4 12 33 12 8 14 71 
11 0 11 10 13 0 13 0 15 0 
12 211 12 64 14 281 14 154 16 419 
13 0 13 130 15 0 15 0 17 0 
14 1404 14 318 16 2179 16 1064 18 3383 
15 0 15 905 17 0 17 0 19 0 
16 11633 16 2424 18 15035 18 7346 20 23484 
17 0 17 6187 19 0 19 0 21 0 
18 77433 18 17422 20 105166 20 52073 22 157716 
19 0 19 44417 21 0 21 0 23 0 
20 502690 20 113904 22 692330 22 347879 24 1048620 
21 0 21 297764 23 0 23 0 25 0 
22 3322763 22 763260 24 4580007 24 2308011 26 6914707 
23 0 23 1934897 25 0 25 0 27 0 
24 21292910 24 4933300 26 29692894 26 15074111 28 44725065 
25 0 25 12557730 27 0 27 0 29 0 
26 134365911 26 31730448 28 190453145 28 97031904 30 286678096 
27 0 27 80015153 29 0 29 0 31 0 
28 843425871 28 201670146 30 1208999091 30 619561390 32 1822054919 
29 0 29 506533510 31 0 31 0 33 0 
30 5245283348 30 1269364860 32 7622677693 32 3921984002 34 11496908044 
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cxrili 22.  xveula kodebi orobiTi SesasvleliTa da samobiTi 
gamosasvleliT 
 
 
            1 1 
          L=21 
   1 1 2 
   L=66 
  1 1 1 2 
   L=57 
 1 1 1 2 2 
   L=116 
 1 1 1 1 2 2 
     L=83 
 
  
 
 
ai   
  ai   
 
 
ai   
 
 
ai   
 
 
ai 
 
3 1 4.5 3 6 6 7.5 5 9 17 
4.5 2 6 15 7.5 6 9 42 10.5 39 
6 3 7.5 58 9 58 10.5 135 12 187 
7.5 4 9 201 10.5 118 12 727 13.5 683 
9 5 10.5 655 12 507 13.5 3018 15 2741 
10.5 6 12 2052 13.5 1284 15 12783 16.5 10322 
12 7 13.5 6255 15 4323 16.5 51782 18 37096 
13.5 8 15 18687 16.5 11846 18 210330 19.5 136834 
15 9 16.5 54974 18 36009 19.5 835046 21 488901 
16.5 10 18 159765 19.5 100844 21 3294834 22.5 1749291 
18 11 19.5 459743 21 292830 22.5 12870612 24 6190259 
19.5 12 21 1312200 22.5 821568 24 49963630 25.5 21803038 
21 13 22.5 3719643 24 2330668 25.5 192707673 27 76377332 
22.5 14 24 10482351 25.5 6509702 27 739596902 28.5 266343461 
24 15 25.5 29391490 27 18219432 28.5 2825474756 30 925251279 
25.5 16 27 82048737 28.5 50592106 30 10752036148 31.5 3202795872   
27 17 28.5 228160495 30 140349045 31.5 40771803481 33 11052511705 
28.5 18 30 632293452 31.5 387559772 33 154127275727 34.5 38033968207 
30 19 31.5 1746896199 33 1068269069 34.5 581007132093 36 130555763220   
31.5 20 33 4813063455 34.5 2935542798 36 2184683661144 37.5 447122121024 
33 21 34.5 13228122758 36 8051416787 37.5 8195990895282 39 1528107655812 
          
a. 
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b.  
88 
 
vinaidan cxrilebSi moyvanili xveula kodis koderebs eqnebaT 
erTi Sesasvleli da erTi gamosasvleli, amitom kodirebis siCqare 
tolia 
R=log2(q)/log2(Q), 
sadac, q koderis Sesasvleli simboloebis alfabetis zomaa, xolo       
Q aris koderis gamosasvleli simboloebis alfabetis zoma. cxadia, 
maSin cxril 21-Si moyvanili kodebisaTvis, sadac q=2, Q=4, R=1/2; aq   
d  manZilia hemingis mixedviT, e. i. d= dH . unda aRiniSnos, rom, 
marTalia cxril 21-Si moyvanili kodebi optimalurebi arian 
orobiTi simetriuli arxisaTvis, isini optimalurebi iqnebian 
gausis arxebisaTvis orobiTi (M=2) fazamodulirebuli signalebis 
(BPSK) gadacemisas. cnobilia, rom fazamodulirebul signalebs 
Soris evkliduri manZilis kvadrati  
                          d 2=2          )  
sadac,    aris gansxvavebul signalebs Soris fazaTa sxvaoba; 
cxadia,  BPSK-s SemTxvevisTvis    180o  da  d 2=4  =4EbRlog2 (M). aq Tu 
movaxdenT mis normirebas 2Eb –iT (Eb  erTi bitis gadamtani signalis 
energiaa) gveqneba d 2= dH . Zneli araa vaCvenoT, rom oTxobiTi (M=4) 
fazamodulirebuli signalebis (QPSK) gadacemisas, Tu koduri 
simboloebis wyvilebis asaxva fazebis mniSvnelobebSi xdeba 
principiT (e.w. greis kodi):  
                             →00          1→900      11→1800      1 →27 0                                            
maSinac  d 2= dH . 
            e.i. Tu cxril 21-Si moyvanili kodebis gamoyenebiT avagebT 
signal-kodur sistemebs gausis arxisaTvis, BPSK da QPSK signalebis 
bazaze, orive SemTxvevaSi signal-koduri sistemis evkliduri 
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manZilis kvadratis mniSvneloba toli iqneba Sesabamisi kodis 
hemingis manZilisa (d 2= dH).  
             cxril 22-Si moyvanilia samobiTi, alfabeturi siWarbis mqone  
xveula kodebisa (q=2, Q=3), da samobiTi simpleqsuri 
fazamodulibuli signalis (TPSK) bazaze agebuli signal-koduri 
sistemis distanciuri maxasiaTeblebi.   
       orive cxrilSi kodebi Cawerili arian Q-obiT formaSi. 
 
3.4  axal kodTa bazaze  agebul sistemaTa maxasiaTeblebi 
     orobiT simetriuli arxebisTvis napovni axali xveula kodebis 
maxasiaTeblebi fasdebian Tavisufali hemingis manZilebiT (ix. 
cxrili 21); xolo iseTi gausis arxebisaTvis, sadac gamoiyenebian 
orobiTi (M=2) fazamodulirebuli signalebi (BPSK),  samobiTi (M=3) 
fazamodulirebuli signalebi (TPSK) da oTxobiTi (M=4) 
fazamodulirebuli  signalebi (QPSK)   efeqturobis Sesafaseblad   
viyenebT siCqaris γ maxasiaTebels da bitze Secdomis albaTobaTa 
(Pb) maxasiaTeblebs. aq γ=Rlog2(M) biti/simbolo/hc; xolo    Pb=f(Eb/ N0),   
sadac Eb/ N0  erTi sainformacio bitis Sesabamisi signalis energiisa 
da gausis xmauris energiis Tanafardobaa. imis gaTvaliswinebiT, rom 
Cvens SemTxvevebSi M=Q, γ maxasiaTeblisTvis gvaqvs: γ(BPSK)=0.5; 
γ(TPSK)=γ(QPSK)=1 (naikvistis siCqare). Sesabamisad Pb-s zeda 
aditiuri sazRvrebisaTvis [40]:  
                             Pb          ))∑   
 
   i 
)Q{d 
2
 / 2N0}; 
zemoT moyvanilis da imis gaTvaliswinebiT, rom n=21 da 
Q(x)=0.5erfc(x/√ ),  gveqneba qvemoT,  nax. 24-26-ze moyvanili Sedegebi. 
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nax. 24. albaTuri maxasiaTeblebi kodirebuli BPSK-Tvis 
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nax. 25. albaTuri maxasiaTeblebi kodirebuli TPSK-Tvis 
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nax. 26. albaTuri maxasiaTeblebi kodirebuli QPSK-Tvis 
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3.5  daskvnebi 
moyvanili Tavis dasawyisSi Camoyalibebulia meTodi, romelic  
sakmarisia manZilis mimarT invariantuli kodebisa da signal-
koduri sistemebis asagebad. deiqstris algoriTmis gamoyenebiT  
damuSavebuli programis saSualebiT ganxorcielebulia  
kompiuteruli Zebna axali,  alfabeturi siWarbis  mqone manZilis 
mimarT invariantuli,  kodebis  da napovni kodebi tabulirebulia. 
naCvenebia, rom moyvanili oTxobiTi kodebi SeiZleba gamoyenebuli 
iqnan rogorc orobiT simetriuli arxebisTvis, aseve gausis 
arxebisaTvis orobiTi da oTxobiTi fazamodulirebuli 
signalebiT. agebulia samobiTi signal-koduri sistemebi 
simpleqsuri signalebis gamoyenebiT. moyvanilia sistemaTa siCqarisa 
da albaTuri maxasiaTeblebi, saidanac Cans,  rom naikvistis 
siCqareze agebuli sistemebisaTvis energetikuli mogeba 
arakodirebul orobiT fazamodulirebul signalTan SedarebiT 
Seadgens: Secdomis albaTobaze 10-5  6 db-s,  xolo  10-4 -ze  5.5 db-s 
[40, 42].   
        dasasruls SevniSnavT, rom moyvanili midgomebisa da  
meTodebis gamoyenebiT savsebiT SesaZlebelia analogiuri  
sistemebis ageba sxva signalebis (mag. ix. [13, 40, 43] bazazec. 
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saboloo daskvna.  miRebuli Sedegebi da rekomendaciebi 
   sadisertacio naSromSi miRebulia Semdegi Sedegebi: 
1. naCvenebia, rom alfabetur-simboluri siWarbis mqone xveula 
kodebi warmoadgenen uwyveti kodebis ufro maRal safexurs, vidre 
cnobili klasikuri xveula kodebi. 
 
2. moyvanilia galuas velTa im ariTmetikis nawili, romelic 
saWiroa alfabetur-simboluri siWarbis mqone xveula kodebis 
asagebad. warmodgenilia Sesabamisi cxrilebi. 
3. warmodgenilia alfabetur-simboluri siWarbis mqone xveula 
kodebis Zebnis da misi parametrebis gansazRvris algoriTmebi 
Sesabamisi programuli realizaciebiT.  
4. warmodgenilia manZilis mimarT invariantuli xveula kodebis 
agebis meTodi. 
5. napovnia maRalefeqturi axali xveula kodebi da moyvanilia maTi 
maxasiaTeblebi. 
      vinaidan axali kodebi da signal-koduri sistemebi ar 
xasiaTdebian siCqaris maRali parametrebiT (naikvistis sazRvari), 
magram aqvT maRali energetikuli efeqturoba (5-6 db), Cveni 
rekomendacia iqneba gamoyenebuli iqnan isini Tanamgzavrul da 
gansakuTrebiT Soreuli kosmosuri kavSiris sistemebSi. 
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danarTi 1.  saukeTeso kodebis Zebnis programa 
 
 
%                            1 infut 1 output 
clc; 
clear; 
%----------------------I. SACKISI MONACEMEBI---------------------------- 
Dp=2;            % Uaxloesi mokle kodis tavisufali mandzili  
q=2;             % Coderis shesasvleli alphabetis zoma  (2 an 4) 
Q=4;             % Coderis gamosasvleli alphabetis zoma (4 an 8)  
niu=2;           % Dakovnebis elementebis raodenoba codershi 
Kalora=27351;    % Grafis tsveros gaferadeba 
 
% -----------II.CODERIS SHESADZLO MDGOMAREOBEBIS GANSAZGVRA------------- 
R=(log2(q))/(log2(Q)); 
S=q^(niu); 
K=niu+1; 
Vs=zeros(S+1,niu); 
   for j=1:1:niu 
       i=1; 
       t=1;  
         for i=1:1:S 
               Vs(i,j)=mod((Vs(i,j)+(t-1)),q); 
                     a=q^(j-1); 
                    if mod(i,a)==0 
                       t=t+1; 
                    end;                    
         end; 
   end; 
   Vs; 
 
 %----------------------III.ALGEBRULI OPERACIEBI GF-ze------------------                
                % Namravli GF(4)-ze 
M4(1,1)=0; M4(1,2)=0; M4(1,3)=0; M4(1,4)=0; 
M4(2,1)=0; M4(2,2)=1; M4(2,3)=2; M4(2,4)=3; 
M4(3,1)=0; M4(3,2)=2; M4(3,3)=3; M4(3,4)=1; 
M4(4,1)=0; M4(4,2)=3; M4(4,3)=1; M4(4,4)=2; 
                % Jami GF(4)-ze 
S4(1,1)=0; S4(1,2)=1; S4(1,3)=2; S4(1,4)=3; 
S4(2,1)=1; S4(2,2)=0; S4(2,3)=3; S4(2,4)=2; 
S4(3,1)=2; S4(3,2)=3; S4(3,3)=0; S4(3,4)=1; 
S4(4,1)=3; S4(4,2)=2; S4(4,3)=1; S4(4,4)=0; 
                % Namravli GF(8)-ze 
M8(1,1)=0; M8(1,2)=0; M8(1,3)=0; M8(1,4)=0; M8(1,5)=0; M8(1,6)=0; 
M8(1,7)=0; M8(1,8)=0; 
M8(2,1)=0; M8(2,2)=1; M8(2,3)=2; M8(2,4)=3; M8(2,5)=4; M8(2,6)=5; 
M8(2,7)=6; M8(2,8)=7; 
M8(3,1)=0; M8(3,2)=2; M8(3,3)=3; M8(3,4)=4; M8(3,5)=5; M8(3,6)=6; 
M8(3,7)=7; M8(3,8)=1; 
M8(4,1)=0; M8(4,2)=3; M8(4,3)=4; M8(4,4)=5; M8(4,5)=6; M8(4,6)=7; 
M8(4,7)=1; M8(4,8)=2; 
M8(5,1)=0; M8(5,2)=4; M8(5,3)=5; M8(5,4)=6; M8(5,5)=7; M8(5,6)=1; 
M8(5,7)=2; M8(5,8)=3; 
 
 
100 
 
 
M8(6,1)=0; M8(6,2)=5; M8(6,3)=6; M8(6,4)=7; M8(6,5)=1; M8(6,6)=2; 
M8(6,7)=3; M8(6,8)=4; 
M8(7,1)=0; M8(7,2)=6; M8(7,3)=7; M8(7,4)=1; M8(7,5)=2; M8(7,6)=3; 
M8(7,7)=4; M8(7,8)=5; 
M8(8,1)=0; M8(8,2)=7; M8(8,3)=1; M8(8,4)=2; M8(8,5)=3; M8(8,6)=4; 
M8(8,7)=5; M8(8,8)=6; 
                                         % Jami GF(8)-ze 
S8(1,1)=0; S8(1,2)=1; S8(1,3)=2; S8(1,4)=3; S8(1,5)=4; S8(1,6)=5; 
S8(1,7)=6; S8(1,8)=7; 
S8(2,1)=1; S8(2,2)=0; S8(2,3)=4; S8(2,4)=7; S8(2,5)=2; S8(2,6)=6; 
S8(2,7)=5; S8(2,8)=3; 
S8(3,1)=2; S8(3,2)=4; S8(3,3)=0; S8(3,4)=5; S8(3,5)=1; S8(3,6)=3; 
S8(3,7)=7; S8(3,8)=6; 
S8(4,1)=3; S8(4,2)=7; S8(4,3)=5; S8(4,4)=0; S8(4,5)=6; S8(4,6)=2; 
S8(4,7)=4; S8(4,8)=1; 
S8(5,1)=4; S8(5,2)=2; S8(5,3)=1; S8(5,4)=6; S8(5,5)=0; S8(5,6)=7; 
S8(5,7)=3; S8(5,8)=5; 
S8(6,1)=5; S8(6,2)=6; S8(6,3)=3; S8(6,4)=2; S8(6,5)=7; S8(6,6)=0; 
S8(6,7)=1; S8(6,8)=4; 
S8(7,1)=6; S8(7,2)=5; S8(7,3)=7; S8(7,4)=4; S8(7,5)=3; S8(7,6)=1; 
S8(7,7)=0; S8(7,8)=2; 
S8(8,1)=7; S8(8,2)=3; S8(8,3)=6; S8(8,4)=1; S8(8,5)=5; S8(8,6)=4; 
S8(8,7)=2; S8(8,8)=0; 
 
%------IV.CODTA GENERATOREBIS FORMIREBA  ZOGIERTI KODEBIS GAMORICXVIT--- 
K=niu+1;   
Nx=Q^K; 
Vk=zeros(Nx,K); 
   for j=1:1:K 
       t=1;  
         for i=1:1:Nx 
             Vk(i,j)=mod((Vk(i,j)+(t-1)),Q); 
                   a=Q^(j-1); 
                if mod(i,a)==0 
                   t=t+1; 
                end;                       
         end; 
   end; 
   Vk   
 
   %%---------------Katastrofuli koderebis gamoricxva--------------  
     x=0; 
     for i=1:1:Nx 
             Xs=0;  
            for j=1:1:K 
               if Q==4  
               Xs=S4((Xs+1),(Vk(i,j))+1); 
               else 
               Xs=S8((Xs+1),(Vk(i,j))+1); 
               end; 
            end; 
                     if Xs~=0 
                        x=x+1; 
                     end;                                         
     end; 
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     Vx=zeros(x,K);  
     p=0; 
     for i=1:1:Nx 
             Xs=0;  
            for j=1:1:K 
               if Q==4  
               Xs=S4((Xs+1),(Vk(i,j))+1); 
               else 
               Xs=S8((Xs+1),(Vk(i,j))+1); 
               end; 
            end; 
 
                     if Xs~=0 
                        p=p+1; 
                        Vx([p],:)=Vk([i],:); 
                     end;                                         
     end; 
     Vx; 
     Nx=p; 
 
   %%-------------Kodta gamoricxva striqonuli mandzilit------------  
   c=0; 
   for i=1:1:Nx 
                if mod(i,1000)==0 
                   Stepi=i; 
                end;  
       Ds=0; 
       for j=1:1:K 
                                  if Q==4 
                                         if Vx(i,j)==0 
                                            Vl(j)=0; 
                                         end;    
                                         if Vx(i,j)==1 
                                            Vl(j)=1; 
                                         end;  
                                         if Vx(i,j)==2 
                                            Vl(j)=1; 
                                         end;    
                                         if Vx(i,j)==3 
                                            Vl(j)=2; 
                                         end; 
                                  else     
                                         if Vx(i,j)==0 
                                            Vl(j)=0; 
                                         end;    
                                         if Vx(i,j)==1 
                                            Vl(j)=1; 
                                         end;  
                                         if Vx(i,j)==2 
                                            Vl(j)=1; 
                                         end;    
                                         if Vx(i,j)==3 
                                            Vl(j)=1; 
                                         end; 
                                         if Vx(i,j)==4 
                                            Vl(j)=2; 
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                                         end;    
                                         if Vx(i,j)==5 
                                            Vl(j)=2; 
                                         end;  
                                         if Vx(i,j)==6 
                                            Vl(j)=3; 
                                         end;    
                                         if Vx(i,j)==7 
                                            Vl(j)=2; 
                                         end;                                                                                                                                  
                                  end; 
                    Ds=Ds+Vl(j);  
       end; 
 
                    if Ds>=Dp 
                       c=c+1; 
                       Vp([c],:)=Vx([i],:);                        
                    end;     
   end; 
   Vp; 
   Nx=c; 
 
%-V.GADASVLEBIS DA SHESABAMISI TSONEBIS GANSAZGVRA DINAMIKASHI DA 
DIJKSTRA-s ALGORITMI-  
     f=0; 
     for x=1:1:Nx  
                if mod(x,1000)==0 
                   StepX=x; 
                end;  
                         X=Vp([x],:); 
                         for j=1:1:S+1  
                             W(j)=Inf; 
                             MIN=0; 
                             W1(j)=0; 
                             W2(j)=Inf; 
                         end;                          
                   N=1;  
             while W(S+1)~=MIN            
                   i=N; 
                   W(i)=Kalora; 
                   S1=Vs([i],:); 
                   for j=2:1:(S+1); 
                       S2=Vs([j],:); 
                                        b=0;  
                                        for t=1:1:(niu-1) 
                                            A(t)=S1(t)-S2(t+1); 
                                            b=b+abs(A(t)); 
                                        end;                         
                         if b==0               
                                   V=0; 
 
 
 
 
 
                                   if Q==4        
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                                          for l=1:1:niu 
                                              
Vo(l)=M4((X(l)+1),(S2(l)+1)); 
                                              V=S4((V+1),(Vo(l)+1));                                                                        
                                          end;                                     
                            
V=S4((V+1),((M4((X(niu+1)+1),(S1(niu)+1)))+1)); 
                                   else 
                                          for l=1:1:niu 
                                              
Vo(l)=M8((X(l)+1),(S2(l)+1)); 
                                              V=S8((V+1),(Vo(l)+1));                                                                        
                                          end;                                     
                            
V=S8((V+1),((M8((X(niu+1)+1),(S1(niu)+1)))+1)); 
                                   end;                                           
                                     if Q==4 
                                            if V==0 
                                               Vw=0; 
                                            end;    
                                            if V==1 
                                               Vw=1; 
                                            end;  
                                            if V==2 
                                               Vw=1; 
                                            end;    
                                            if V==3 
                                               Vw=2; 
                                            end; 
                                     else     
                                            if V==0 
                                               Vw=0; 
                                            end;    
                                            if V==1 
                                               Vw=1; 
                                            end;  
                                            if V==2 
                                               Vw=1; 
                                            end;    
                                            if V==3 
                                               Vw=1; 
                                            end; 
                                            if V==4 
                                               Vw=2; 
                                            end;    
                                            if V==5 
                                               Vw=2; 
                                            end;  
                                            if V==6 
                                               Vw=3; 
                                            end;    
                                            if V==7 
                                               Vw=2; 
                                            end;                                                                                                                                  
                                     end;                                                                                                                                                                                      
                                     d=Vw; 
                         else 
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                           d=Inf;  
                         end;   
 
 
                     
                                               
                                              if i==1 
                                                 if j==S+1     
                                                    d=Inf; 
                                                 end; 
                                              end; 
 
   %%------------------ Dijkstra-s algoritmi-----------------------                        
                              if W1(j)==Kalora               
                                 W(j)=W1(j);                
                              else 
                                 W(j)=min(W2(j),MIN+d); 
                              end; 
                   end;                                  
                                  MIN=min(W); 
                        if W(S+1)==MIN 
                                f=f+1; 
                        Dcfree(f)=MIN;        
                        else 
                                   c=1; 
                                   while W(c)~=MIN 
                                         c=c+1; 
                                         N=c; 
                                   end;     
                                              W1(1)=Kalora; 
                                         for j=2:1:S+1 
                                            if j==N 
                                               W(j)=Kalora; 
                                            end; 
                                              W2(j)=W(j); 
                                              W1(j)=W(j); 
                                         end;   
                        end;  
             end;     
     end; 
Dfree=max(Dcfree) 
 
%-----------------------VI.NAPOVNI SAUKETESO KODEBI--------------------- 
j=0; 
Vc=zeros(Nx,K); 
for i=1:1:Nx 
    if Dcfree(i)==Dfree 
       j=j+1; 
    end; 
end; 
     Nc=j; 
     Vc=zeros(j,K); 
     Vo=zeros(j,K); 
     j=0; 
     for i=1:1:Nx 
        if Dcfree(i)==Dfree 
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           j=j+1; 
           Vc([j],:)=Vp([i],:); 
           Vo([j],:)=Vp([i],:); 
        end; 
     end; 
     Dfree; 
 
     %%-----Napovni kodebidan inversiuli koderebis gamoricxva------  
     Vxo=zeros(Nc,K); 
     Zx=zeros(Nc,K); 
     for i=1:1:Nc 
          V_c([i],:)=fliplr(Vc([i],:)); 
          for j=(i+1):1:Nc 
              k=isequal(V_c([i],:),Vc([j],:)); 
                  if k==0 
                     Vo([j],:)=Vo([j],:); 
                  else 
                     Vo([j],:)=0; 
                  end;  
          end;          
     end; 
     Vo; 
     j=0; 
     for i=1:1:Nc 
         k=isequal(Vo([i],:),Zx([i],:)); 
         if k==0 
            j=j+1; 
            Vxo([j],:)=Vo([i],:); 
         end;    
     end; 
          Vk=zeros(j,K); 
          for i=1:1:j 
              Vk([i],:)=Vxo([i],:); 
          end; 
     Codes=Vk 
    % save q; 
    % save Q; 
     %save niu; 
     %save Dfree; 
     save Vk3; 
     Nx=j; 
 
%%-------------------------------------------------------------   
         ts=cputime; 
         tm=ts/60; 
         th=tm/60; 
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 danarTi 2.  Secdomis albaTobis gamoTvlis programa 
%-------------SHETSDOMIS  ALBATOBIS ANGARISHI codi+MPSK-istvis---------- 
clc; 
clear; 
%----------------------------SACKISI MONACEMEBI------------------------- 
M=4;              % Signalebis raodenoba 
SNRmin=2.5;       % Minimaluri tanafardoba signali/xmaurtan bitze dB-shi 
SNRmax=5;         % Maximaluri tanafardoba signali/xmaurtan bitze dB-shi 
delta=0.001;      % Tanafardoba signali/xmaurtan cvlilebis biji 
q=2;              % Koderis shesasvleli simboloebis alfabetis zoma 
Q=4;              % Koderis gamosasvleli simboloebis alfabetis zoma 
%------------------------Codis mandzilta speqtri------------------------                 
d=[1 2];            % Kodis Hemingis mandzilis speqtri 
a=[2 1];            % Bitebis raodenoba mocemul mandzilze  
%------------------SHETSDOMIS  ALBATOBIS ANGARISHI BPSK-tvis------------ 
k=1/(log2(M)); 
R=1; 
La=length(a); 
i=0; 
SNRdB=SNRmin-delta; 
while SNRdB<SNRmax 
      i=i+1; 
      SNRdB=SNRdB+delta; 
              for j=1:1:La                    
                  SNR=10^(0.1*SNRdB); 
                  X=sqrt((2*d(j))*SNR); 
                  Pi(j)=(k*a(j)*(1/2)*erfc(X/(sqrt(2)))); 
              end;  
SN(i)=SNRdB;              
P(i)=sum(Pi); 
Pfig1(i)=P(i); 
end; 
%----------------------------- Code=31 ---------------------------------               
% Kodis Hemingis mandzilis speqtri 
d=[3 4 5 6 7 8 9 10 11 12 13];  
% Bitebis raodenoba mocemul mandzilze  
a=[1 2 3 4 5 6 7 8 9 10 11];      
%------------------SHETSDOMIS  ALBATOBIS ANGARISHI BPSK+31 ------------- 
R=log2(q)/log2(Q); 
La=length(a); 
i=0; 
SNRdB=SNRmin-delta; 
while SNRdB<SNRmax 
      i=i+1; 
      SNRdB=SNRdB+delta; 
              for j=1:1:La                    
                  SNR=10^(0.1*SNRdB); 
                  X=sqrt((2*R*d(j))*SNR); 
                  Pi(j)=(k*a(j)*(1/2)*erfc(X/(sqrt(2)))); 
              end;  
SN(i)=SNRdB;              
P(i)=sum(Pi); 
Pfig2(i)=P(i); 
end; 
%----------------------------- Code=313 --------------------------------               
% Kodis Hemingis mandzilis speqtri 
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d=[5 6 7 8 9 10 11 12 13 14 15];  
% Bitebis raodenoba mocemul mandzilze  
a=[1 4 12 32 80 192 448 1024 2304 5120 11264];      
%------------------SHETSDOMIS  ALBATOBIS ANGARISHI BPSK+31 ------------- 
R=log2(q)/log2(Q); 
La=length(a); 
i=0; 
SNRdB=SNRmin-delta; 
while SNRdB<SNRmax 
      i=i+1; 
      SNRdB=SNRdB+delta; 
              for j=1:1:La                    
                  SNR=10^(0.1*SNRdB); 
                  X=sqrt((2*R*d(j))*SNR); 
                  Pi(j)=(k*a(j)*(1/2)*erfc(X/(sqrt(2)))); 
              end;  
SN(i)=SNRdB;              
P(i)=sum(Pi); 
Pfig3(i)=P(i); 
end; 
%----------------------------- Code=3313 -------------------------------               
% Kodis Hemingis mandzilis speqtri 
d=[6 7 8 9 10 11 12 13 14 15 16];  
% Bitebis raodenoba mocemul mandzilze  
a=[2 7 18 49 130 333 836 2069 5060 12255 29444];      
%------------------SHETSDOMIS  ALBATOBIS ANGARISHI BPSK+31 ------------- 
R=log2(q)/log2(Q); 
La=length(a); 
i=0; 
SNRdB=SNRmin-delta; 
while SNRdB<SNRmax 
      i=i+1; 
      SNRdB=SNRdB+delta; 
              for j=1:1:La                    
                  SNR=10^(0.1*SNRdB); 
                  X=sqrt((2*R*d(j))*SNR); 
                  Pi(j)=(k*a(j)*(1/2)*erfc(X/(sqrt(2)))); 
              end;  
SN(i)=SNRdB;              
P(i)=sum(Pi); 
Pfig4(i)=P(i); 
end; 
%----------------------------Code=3203313------------------------------- 
% Kodis Hemingis mandzilis speqtri 
d=[10 11 12 13 14 15 16 17 18 19 20];  
% Bitebis raodenoba mocemul mandzilze  
a=[36 0 211 0 1404 0 11633 0 77433 0 502690];      
%------------------SHETSDOMIS  ALBATOBIS ANGARISHI BPSK+31 ------------- 
R=log2(q)/log2(Q); 
La=length(a); 
i=0; 
SNRdB=SNRmin-delta; 
while SNRdB<SNRmax 
      i=i+1; 
      SNRdB=SNRdB+delta; 
              for j=1:1:La                    
                  SNR=10^(0.1*SNRdB); 
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                  X=sqrt((2*R*d(j))*SNR); 
                  Pi(j)=(k*a(j)*(1/2)*erfc(X/(sqrt(2)))); 
              end;  
SN(i)=SNRdB;              
P(i)=sum(Pi); 
Pfig5(i)=P(i); 
end; 
%----------------------------Code=31330322013---------------------------               
% Kodis Hemingis mandzilis speqtri 
d=[14 15 16 17 18 19 20 21 22 23 24];  
% Bitebis raodenoba mocemul mandzilze  
a=[71 0 419 0 3383 0 23484 0 157716 0 1048620];      
%------------------SHETSDOMIS  ALBATOBIS ANGARISHI BPSK+31 ------------- 
R=log2(q)/log2(Q); 
La=length(a); 
i=0; 
SNRdB=SNRmin-delta; 
while SNRdB<SNRmax 
      i=i+1; 
      SNRdB=SNRdB+delta; 
              for j=1:1:La                    
                  SNR=10^(0.1*SNRdB); 
                  X=sqrt((2*R*d(j))*SNR); 
                  Pi(j)=(k*a(j)*(1/2)*erfc(X/(sqrt(2)))); 
              end;  
SN(i)=SNRdB;              
P(i)=sum(Pi); 
Pfig6(i)=P(i); 
end; 
plot(SN,Pfig1,SN,Pfig2,SN,Pfig3,SN,Pfig4,SN,Pfig5,SN,Pfig6); 
  
 
 
 
 
 
